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(57) A semiconductor integrated circuit device (20) 
has a command decoder (1) for issuing a control com- 
mand (CNT) in accordance with a supplied control sig- 
nal, a DRAM core (3), and a timing adjusting circuit (22) 
for supplying the control command, set active for a pre- 
determined period, as a DRAM control signal to the 
DRAM core (3). The timing adjusting circuit (22) gener- 
ates n different clocks that are respectively shifted in 
phase with respect to a supplied reference clock (CLKi), 



and generates the DRAM control signal (CNT) by set- 
ting the control command active in a prescribed opera- 
tion cycle for only a period stating at a first 
predetermined clock pulse of a first clock of the n clocks 
and ending at a second predetermined clock pulse of a 
second clock of the n clocks. In this way, timing design 
with relatively high accuracy of adjustment can be done 
in a short period. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a tinning signal gen- 
erating circuit, a semiconductor integrated circuit device 
and semiconductor integrated circuit system to which 
the timing signal generating circuit is applied and a sig- 
nal transmission system and, more particularly, to a tim- 
ing signal generating circuit aimed at increasing the 
speed of signal transmission between LSI (Large Scale 
Integration Circuit) chips or between a plurality of 
devices or circuit blocks within one chip. 

2. Description of the Related Art 

Recently, the performance of components used in 
computers and other information processing appara- 
tuses has improved rapidly; in particular, the perform- 
ance of dynamic random access memories (DRAMs) 
and processors has improved dramatically year by year. 

Namely, processor performance has increased dra- 
matically in terms of speed, whereas DRAM perform- 
ance improvements have been dramatic primarily in 
terms of storage capacity. However, the improvement in 
DRAM speed has not been so dramatic as the increase 
in storage capacity, as a result of which a gap between 
the speed of DRAMs and that of processors has wid- 
ened and, in recent years, this speed gap has been 
becoming a bottleneck in boosting computer perform- 
ance. 

Further, with increasing chip size, not only signal 
transmission between the chips but also the speed of 
signal transmission between devices and between con- 
stituent circuits (circuit blocks) within one LSI chip (sem- 
iconductor integrated circuit device) is becoming a 
major limiting factor in chip performance. 

On the other hand, if the speed of signal transmis- 
sion between LSI chips is to be extremely increased, for 
example, it is required that signal receiving circuits be 
made to operate with correct timing to the signals, and 
techniques such as DLL (Delay Locked Loop) and PLL 
(Phase Locked Loop) have been known for addressing 
this requirement. 

In addition, the need has arisen for high-speed sig- 
nal transmission between LSI chips, for example, 
between a DRAM and a processor (logic circuit), or 
between a plurality of devices or circuit blocks within 
one LSI chip. There is, therefore, a need for a timing sig- 
nal generating circuit that can generate with simple cir- 
cuitry and with high accuracy a plurality of timing 
signals, having prescribed phase differences, synchro- 
nous with a reference clock. 

Furthermore, with increasing operating speeds of 
LSIs, there is also a need for a signal transmission sys- 
tem that can perform large-capacity signal transmission 



A 732 A2 2 

at high speed between LSIs and between apparatuses 
constructed with a plurality of LSIs. 

The prior art and the problems associated with the 
prior art will be described in detail later with reference to 
5 drawings. 

SUMMARY OF THE INVENTION 

An object of a first aspect of the present invention is 
ic to provide a semiconductor integrated circuit device that 
permits timing design with relatively high adjustment 
accuracy to be done in a short period. An object of a 
second aspect of the present invention is to provide a 
signal transmission system capable of high-speed, 
is error-free signal transmission without being affected by 
skew on each signal line. An object of a third aspect of 
the present invention is to provide a timing signal gener- 
ating circuit that can generate with simple circuitry and 
with high accuracy a plurality of timing signals, having 
20 prescribed phase differences, synchronous with a refer- 
ence clock. 

According to the present invention, there is pro- 
vided a semiconductor integrated circuit device having a 
command decoder for issuing a control command in 

25 accordance with a supplied control signal, a DRAM 
core, and a timing adjusting circuit for supplying the 
control command, set active for a predetermined period, 
as a DRAM control signal to the DRAM core, wherein 
the timing adjusting circuit generates n different clocks 

30 that are respectively shifted in phase with respect to a 
supplied reference clock, and generates the DRAM con- 
trol signal by setting the control command active in a 
prescribed operation cycle only for a period starting at a 
first predetermined clock pulse of a first clock of the n 

35 clocks and ending at a second predetermined clock 
pulse of a second clock of the n clocks. 

The timing adjusting circuit may include a logic gate 
for enabling the generated DRAM control signal for out- 
put only for a period during which the control command 

40 is issued. The semiconductor integrated circuit device 
may include an MPU that accesses the DRAM. The tim- 
ing adjusting circuit may include a first counter for count- 
ing the first clock; a second counter for counting the 
second clock; and a timing buffer circuit for generating 

45 the DRAM control signal by setting the control com- 
mand active for a period starting from the time that the 
count value of the first counter reaches a first value and 
lasting until the time that the count value of the second 
counter reaches a second value. 

so The first counter and the second counter may be 
loop counters. At least, either one of the first and sec- 
ond counters may include a selection circuit for accept- 
ing multiple bit outputs from the counter, and for 
selecting one bit output out of the multiple bit outputs for 

55 output in accordance with a selection control input 
value; and a timing setting section for storing and out- 
putting the selection control input value. 

The timing setting section may be a register. The 
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output of the timing setting section may be set before 
shipment in accordance with production process condi- 
tions. The output of the timing setting section may be 
set before shipment in accordance with required operat- 
ing speed. 

The timing adjusting circuit may include a common 
counter for counting one of the n clocks, or the refer- 
ence clock, as a common clock; a first logic gate for 
enabling one of the n clocks for output only for a period 
during which the count value of the common counter 
shows a first value; a second logic gate for enabling one 
of the n clocks for output only for a period during which 
the'count value of the common counter shows a second 
value; and a timing buffer circuit for generating the 
DRAM control signal by setting the control command 
active for a period starting from the time that the output 
of the first logic gate becomes active and lasting until 
the time that the output of the second logic gate 
becomes active, 

The common counter may be a loop counter. The 
common counter may include a selection circuit for 
accepting multiple bit outputs from the counter, and for 
selecting one bit output out of the multiple bit outputs for 
output in accordance with a selection control input 
value; and a timing setting section for storing and out- 
putting the selection control input value. 

The semiconductor integrated circuit device may 
include a logic gate for supplying the common clock to 
the first counter only for a period during which the con- 
trol command is issued. The command decoder may 
include a logic gate for enabling the first value indicated 
as the count value of the first counter for output to the 
timing buffer circuit only for the period during which the 
control command is issued. 

.-/The semiconductor integrated circuit device may 
include a selection circuit for selecting one of the n 
clocks in accordance with a selection control input value 
and for supplying the selected clock as a clock to the 
first logic gate or the second logic gate, and a timing set- 
ting section for storing and outputting the selection con- 
trol input value. The timing setting section may be a 
register. The output of the timing setting section may be 
set before shipment in accordance with production 
process conditions. The output of the timing setting sec- 
tion may be set before shipment in accordance with 
required operating speed. 

According to the present invention, there is also 
provided a timing adjusting circuit for generating n differ- 
ent clocks that are respectively shifted in phase with 
respect to a supplied reference clock, and for generat- 
ing a control signal by being set in an active state in a 
prescribed operation cycle only for a period starting at a 
first predetermined clock pulse of a first clock of the n 
clocks and ending at a second predetermined clock 
pulse of a second clock of the n clocks. 

Further, according to the present invention, there is 
provided a signal transmission system for transmitting 
and receiving signals using a plurality of signal lines, 
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comprising a timing adjusting unit for adjusting the 
amount of signal delay caused during the transmission 
and reception of the signals in accordance with skew on 
each of the signal lines, thereby adjusting signal latch 

5 timing at a receiving circuit provided for each of the sig- 
nal lines so that the latch timing becomes optimum for 
the signal line. 

The timing adjusting unit may give, in effect, a vari- 
able delay to a clock used to drive each of the receiving 

10 circuits to latch each of the signals. The timing adjusting 
unit may include a phase interpolator that generates 
from a plurality of clocks with different phases a new 
clock having an intermediate phase. The timing adjust- 
ing unit may include a phase interpolator that generates 

is from a plurality of clocks with different delay amounts a 
new clock having an intermediate delay amount. The 
timing adjusting unit may give, in effect, a variable delay 
to each of the signals at transmitting end. 

The signal transmission system may further com- 

20 prise a retiming circuit for retiming the plurality of signals 
latched at optimum timing from the plurality of signal 
lines so that all of the plurality of signals change syn- 
chronously with a common clock; and a deskew circuit 
for inserting, in the event of occurrence of a skew 

25 greater than or equal to a data cycle, a necessary 
amount of delay equivalent to an integral multiple of the 
data cycle. 

The timing adjusting unit may include a plurality of 
latch circuits for latching the signals, and interleaving 

30 operations between two or more parts may be per- 
formed using the plurality of latch circuits. The plurality 
of latch circuits that perform the interleaving operations 
may be each constructed as a circuit employing a PRD 
method. The clock used to drive each of the receiving 

35 circuits to latch each of the signals may be derived from 
a signal on a dedicated clock line. The clock used to 
drive each of the receiving circuits to latch each of the 
signals may be generated internally, based on a phase 
comparison between a signal on a data line or a dedi- 

40 cated clock line and a reference clock internal to the 
receiving circuit. 

The timing adjusting unit may include, at a receiving 
end, an optimum timing determining unit for determining 
an optimum point of the signal latch timing, and the opti- 

45 mum timing determining unit may determine the opti- 
mum point of the signal latch timing by using a first clock 
and a second clock having a predetermined phase dif- 
ference with respect to the first clock. 

The second clock may have a phase difference of 

so approximately 180 degrees with respect to the first 
clock. The optimum timing determining unit may detect 
a data transient region by using the first clock and may 
determine the optimum point of the signal latch timing 
by using the second clock so that signal latching at the 

55 receiving circuit is achieved at optimum timing. The tim- 
ing adjusting unit may include, at receiving end, an opti- 
mum timing determining unit for determining an 
optimum point of the signal latch timing, and the opti- 
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mum timing determining unit may determine the opti- 
mum point of the signal latch timing by using a clock 
having a duty cycle of approximately 50%. 

The optimum timing determining unit may detect a 
data transient region by using the clock and may deter- s 
mine the optimum point of the signal latch timing by 
using the complement of the clock so that signal latch- 
ing at the receiving circuit is achieved at optimum tim- 
ing. The timing adjusting unit may include, at 
transmitting end, an optimum timing determining unit for io 
determining an optimum point of the signal latch timing, 
and the optimum timing determining unit may transmit 
data at such timing that a clock, at receiving end, occurs 
at an optimum point of data. 

The optimum timing determining unit may include a is 
calibration mode for transmitting data at first timing and 
a data transmission mode for transmitting data at timing 
shifted by a predetermined phase difference with 
respect to the first timing, and wherein the calibration 
mode may detect a transient region in the data of the 20 
first timing by using the clock at the receiving end, and 
the data transmission mode may ensure that the data of 
the timing shifted by the predetermined phase differ- 
ence with respect to the first timing is latched by the 
receiving circuit by using the clock at the receiving end. 25 
The timing shifted by the predetermined phase differ- 
ence with respect to the first timing may be timing hav- 
ing a phase difference of approximately 180 degrees 
with respect to the first timing. 

The signal transmission system may further com- 30 
prise a phase information extracting unit for extracting 
phase information of a clock on a clock line or a data 
line; and a storing unit for sending the phase information 
of the clock to each of the receiving circuits, and for stor- 
ing for each of the receiving circuits a relative phase 35 
value representing the phase difference between the 
optimum receiving timing required at each of the receiv- 
ing circuits and the clock actually used and wherein, 
when performing the signal latching, the optimum 
receiving timing at each of the receiving circuits is deter- 40 
mined by taking a sum of the phase information of the 
clock and the stored relative phase value for each of the 
receiving circuits. 

The timing adjusting unit may include, at receiving 
end, a delay circuit for delaying data. The delay circuit 45 
may be constructed as a variable delay circuit capable 
of delaying an analog signal. 

Further, according to the present invention, there is 
also provided a timing signal generating circuit compris- 
ing a master circuit for generating by feedback control so 
an internal signal having the same cycle or the same 
phase as that of an input reference signal; and a slave 
circuit for generating a timing signal having a prescribed 
timing relative to the reference signal by receiving the 
internal signal and a control signal from the master cir- ss 
cuit. 

A plurality of slave circuits may be provided for one 
master circuit. The master circuit may contain a circuit 



corresponding to the slave circuit so that the master cir- 
cuit may also output a timing signal by itself. 

The master circuit may comprise a comparator cir- 
cuit for comparing the cycle or phase of the internal sig- 
nal with that of the reference signal, a control signal 
generating circuit for varying the control signal in 
accordance with an output of the comparator circuit, 
and a variable delay line for outputting the internal sig- 
nal by controlling a delay amount for the reference sig- 
nal in accordance with the control signal. 

The master circuit may be a DLL circuit which com- 
prises a coarse delay control block for performing 
coarse delay control and a fine delay control block for 
performing fine delay control, and the slave circuit con- 
tains a circuit corresponding to the fine delay control 
block. The coarse delay control block may take taps off 
the delay line consisting of a plurality of delay units, and 
may perform coarse delay control by selecting an output 
of each of the taps, while the fine delay control block 
receives a signal for controlling the DLL circuit in the 
coarse delay control block and a signal subjected to the 
coarse delay control in the coarse delay control block, 
and performs fine delay control through an interpolator 
by using the coarse delay control signal. 

The control signal generating circuit may include a 
charge pump circuit for controlling an output voltage 
level in accordance with an up signal and a down signal 
from the comparator circuit. The control signal generat- 
ing circuit may include an up-down counter for counting 
an up signal and down signal from the comparator cir- 
cuit and a D/A converter for performing digital-to-analog 
conversion on an output of the up-down counter. 

The master circuit may comprise a comparator cir- 
cuit for comparing the cycle or phase of the internal sig- 
nal with that of the reference signal, a control signal 
generating circuit for varying the control signal in 
accordance with an output of the comparator circuit, 
and a voltage-controlled oscillator for generating an 
internal signal corresponding to the reference signal in 
accordance with the control signal. 

The slave circuit may include a voltage-controlled 
oscillator for outputting the timing signal in accordance 
with the control signal from the master circuit. The con- 
trol signal generating circuit may include a charge pump 
circuit for controlling an output voltage level in accord- 
ance with an up signal and down signal from the compa- 
rator circuit. The control signal generating circuit may 
include an up-down counter for counting an up signal 
and a down signal from the comparator circuit and a D/A 
converter for performing digital-to-analog conversion on 
an output of the up-down counter. 

The slave circuit may include a variable delay line 
for outputting the timing signal by delaying the internal 
signal in accordance with the control signal from the 
master circuit. The slave circuit may include a phase 
interpolator for accepting input signals of different 
phases and for outputting a finer timing signal of an 
intermediate phase. 
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The input signals of different phases may be three- 
phase or four-phase clocks. The phase interpolator may 
include a voltage-to-current converting unit for convert- 
ing a plurality of input voltage signals respectively to 
current signals, a current-to-voltage converting unit for 
converting the converted current signals back to voltage 
signals by varying voltage conversion factors, and a 
comparing unit for comparing a sum of the converted 
current signals with the reference signal. 

-The control signal sent from the master circuit to the 
slave circuit may be a control current signal. A control 
current signal generating circuit for generating the con- 
trol current signal may be provided in the master circuit, 
and a current-to-voltage conversion circuit for convert- 
ing the control current signal to a voltage signal may be 
provided in the slave circuit. The slave circuit may 
include an amplifier circuit whose response speed var- 
ies in accordance with a signal from the master circuit, 
and may generate a signal of sinusoidal waveform as 
the timing signal. 

The slave circuit may be used to generate a timing 
signal for controlling the timing of one-bit or multiple-bit 
input or output signals, and the timing signal generating 
circuit may include timing signal adjusting unit, provided 
common to each of the slave circuits, for adjusting the 
timing signal so as to increase the S/N ratio of a trans- 
mitted and received signal. The timing signal adjusting 
unit may include a selecting unit for selecting an input or 
output signal of a circuit controlled by the timing signal 
from each slave circuit, and a timing signal generating 
unit for controlling output timing ol the timing signal by 
detecting the level of the input or output signal of the cir- 
cuit selected by the selecting unit. 

t The slave circuit may be used to generate a timing 
signal for controlling the timing of one-bit or multiple-bit 
input or output signals, and each of the slave circuits 
may include a timing signal adjusting unit for adjusting 
the timing signal so as to increase the S/N ratio of a 
transmitted and received signal. 

In addition, according to the present invention, 
there is provided a semiconductor integrated circuit 
device employing a timing signal generating circuit com- 
prising a master circuit and at least one slave circuit, the 
master circuit and the slave circuit being formed on the 
same semiconductor chip used for the semiconductor 
integrated circuit device, wherein the master circuit gen- 
erates an internal signal having the same cycle or the 
same phase as that of an input reference signal by feed- 
back control; and the slave circuit generates a timing 
signal having prescribed timing relative to the reference 
signal by receiving the internal signal and a control sig- 
nal from the master circuit. 

Furthermore, according to the present invention, 
there is also provided a semiconductor integrated circuit 
system employing a timing signal generating circuit 
comprising a master circuit and at least one slave cir- 
cuit, the semiconductor integrated circuit system having 
a plurality of semiconductor integrated circuit devices, 



each of the semiconductor integrated circuit devices 
having the master circuit and/or the slave circuit and 
being formed on corresponding one semiconductor 
chip, wherein the master circuit generates an internal 

5 signal having the same cycle or the same phase as that 
of an input reference signal by feedback control; and the 
slave circuit generates a timing signal having prescribed 
timing relative to the reference signal by receiving the 
internal signal and a control signal from the master cir- 

io cuit. 

According to the present invention, there is pro- 
vided a phase interpolator comprising an analog peri- 
odic waveform generating unit for generating an analog 
periodic waveform, whose value varies in an analog 

is fashion, from a digital periodic signal whose amplitude 
represents a digital value; a summed waveform gener- 
ating unit for generating a summed waveform by sum- 
ming a plurality of analog periodic waveforms obtained 
by the analog periodic waveform generating unit from 

20 digital periodic signals displaced along time axis; a 
weighting control unit for controlling the weighting of 
each of the analog periodic waveforms; and an ana- 
log/digital converting unit for converting the summed 
waveform to a digital waveform. 

25 The analog periodic waveform generating unit may 
include a sine wave generating circuit, and the weight- 
ing control unit may include a plurality of transfer gates 
connected in parallel and controlled for connection. 
Each transfer gate in the weighting control unit may 

30 have a transistor of the same size, and the weighting of 
the analog periodic waveform may be controlled by con- 
trolling the number of transfer gates caused to conduct. 
Each transfer gate in the weighting control unit may 
have a transistor of a different size, and the weighting of 

35 the analog periodic waveform may be controlled by 
causing at least one transfer gate having a transistor of 
a prescribed size to conduct. 

The analog periodic waveform generating unit may 
include a plurality of CMOS inverters, and the weighting 

40 control unit may control the number of CMOS inverters 
to be connected. The analog periodic waveform gener- 
ating unit may include a plurality of CMOS inverter out- 
put stages, and the weighting control unit may control 
the number of output transistors forming the plurality of 

45 CMOS inverter output stages. 

The analog periodic waveform generating unit may 
be a high-frequency attenuation circuit for attenuating 
high-frequency components of the digital periodic sig- 
nal, and the weighting control unit may convert an out- 

so put of the high-frequency attenuation circuit into a 
current by means of a variable transconductor and 
apply the converted current to a common terminal. The 
analog periodic waveform generating unit may be an 
integrator circuit. The analog periodic waveform gener- 

55 ating unit and the summed waveform generating unit 
may comprise a current polarity switching unit for 
switching the polarity of a current flowing from a con- 
stant current source to a common capacitive load by the 
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digital periodic signal; and a current value control unit 
for controlling a current value of the current source. 

The current value control unit may control the cur- 
rent value of the current source by an output of a D/A 
converter. The analog/digital converting unit may be a 
comparator for comparing the summed waveform with a 
reference level for conversion into a digital waveform. 
The weighting control unit may include a current-output 
D/A converter, and an output of the D/A converter may 
be controlled by being switched for connection to either 
a capacitive-coupled terminal or its complementary ter- 
minal. 

The weighting control unit may be configured to 
vary the number of current sources to be connected to 
a load capacitance terminal. The weighting control unit 
may include a clamp circuit for holding a terminal volt- 
age level within a fixed range. The phase interpolator 
may be configured so that the size of transistors to be 
switched and the quantization step size of a D/A con- 
verter are made variable to provide a desired linearity 
characteristic to a timing output versus a control signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly under- 
stood from the description of the preferred embodi- 
ments as set forth below with reference to the 
accompanying drawings, wherein: 

Figure 1 is a diagram showing the organization of a 
prior art DRAM in schematic form; 
Figure 2 is a block diagram showing in schematic 
form a semiconductor integrated circuit device as a 
first embodiment according to a first aspect of the 
present invention; 

Figure 3 is a block circuit diagram showing a portion 
of a timing signal generating circuit in the semicon- 
ductor integrated circuit device of Figure 2; 
Figure 4 is a timing chart illustrating one example of 
operation of the circuits of Figures 2 and 3; 
Figure 5 is a block circuit diagram showing a portion 
of the timing signal generating circuit as a second 
embodiment according to the first aspect of the 
present invention; 

Figure 6 is a block circuit diagram showing a portion 
of the timing signal generating circuit as a third 
embodiment according to the first aspect of the 
present invention; 

Figure 7 is a block circuit diagram showing a portion 
of a DRAM control circuit as a fourth embodiment 
according to the first aspect of the present inven- 
tion; 

Figure 8 is a block circuit diagram showing a portion 
of the timing signal generating circuit as a fifth 
embodiment according to the first aspect of the 
present invention; 

Figure 9 is a block circuit diagram showing a portion 
of the DRAM control circuit as a sixth embodiment 



according to the first aspect of the present inven- 
tion; 

Figure 10 is a block circuit diagram showing in 
schematic form one example of a prior art signal 

s transmission system; 

Figure 11 is a block circuit diagram showing in 
schematic form the basic functional configuration of 
a signal transmission system according to a second 
aspect of the present invention, 

10 Figure 12 is a timing diagram (part 1) for explaining 
one example of operation in the signal transmission 
system of Figure 1 1 ; 

Figure 13 is a timing diagram (part 2) for explaining 
one example of operation in the signal transmission 

is system of Figure 1 1 ; 

Figure 14 is a block circuit diagram showing in 
schematic form a first embodiment of the signal 
transmission system according to the second 
aspect of the present invention; 

20 Figure 15 is a timing diagram for explaining one 
example of operation in the signal transmission sys- 
tem of Figure 14; 

Figure 16 is a block circuit diagram showing in 
schematic form a modified example of the signal 

25 transmission system shown in Figure 14; 

Figure 17 is a timing diagram for explaining one 
example of operation in the signal transmission sys- 
tem of the modified example shown in Figure 16; 
Figure 18 is a block circuit diagram showing in 

30 schematic form a second embodiment of the signal 
transmission system according to the second 
aspect of the present invention; 
Figure 19 is a block diagram showing in schematic 
form a third embodiment of the signal transmission 

35 system according to the second aspect of the 
present invention; 

Figure 20 is a block circuit diagram showing in 
schematic form a fourth embodiment of the signal 
transmission system according to the second 
40 aspect of the present invention; 

Figure 21 is a circuit diagram showing one example 
of a phase interpolator in the signal transmission 
system of Figure 20; 

Figure 22 is a block circuit diagram showing in 
45 schematic form a fifth embodiment of the signal 

transmission system according to the second 

aspect of the present invention; 

Figure 23 is a timing diagram (part 1) for explaining 

one example of operation in the signal transmission 
so system of Figure 22; 

Figure 24 is a timing diagram (part 2) for explaining 

one example of operation in the signal transmission 

system of Figure 22; 

Figure 25 is block circuit diagram showing in sche- 
55 matic form a sixth embodiment of the signal trans- 
mission system according to the second aspect of 
the present invention; 

Figure 26 is a timing diagram (part 1) for explaining 
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one example of operation in the signal transmission 
system of Figure 25; 

Figure 27 is a timing diagram (part 2) for explaining 
one example of operation in the signal transmission 
system of Figure 25; 5 
Figure 28 is a block diagram showing in schematic 
form a seventh embodiment of the signal transmis- 
sion system according to the second aspect of the 
present invention; 

- Figure 29 is a circuit diagram showing one example to 
s.-di a PRD amplifier in the signal transmission sys- 
tem of Figure 28; 

Figure 30 is a diagram for explaining timing signals 

- used in the signal transmission system of Figure 

28; is 
Figure 31 is a diagram (part 1) for explaining one 
example of operation in the signal transmission sys- 
tem of Figure 28; 

Figure 32 is a diagram (part 2) for explaining one 
example of operation in the signal transmission sys- 20 
tern of Figure 28; 

Figure 33 is a block circuit diagram showing in 
schematic form an eighth embodiment of the signal 
transmission system according to the second 
aspect of the present invention; 25 
Figure 34 is a block circuit diagram showing in 
schematic form a ninth embodiment of the signal 
transmission system according to the second 
aspect of the present invention; 

Figure 35 is a block circuit diagram showing in 30 
schematic form a modified example of the signal 
transmission system of Figure 34; 
Figure 36 is a block circuit diagram showing in 
> schematic form a 10th embodiment of the signal 
transmission system according to the second 35 
•aspect of the present invention; 
Figure 37 is a timing diagram for explaining one 
example of operation in the signal transmission sys- 
tem of Figure 36; 

Figure 38 is a diagram showing the relationship 40 
between the internal clock state and the output of 
each latch in the signal transmission system of Fig- 
ure 36; 

Figure 39 is a timing diagram for explaining an 1 1th 
embodiment of the signal transmission system 45 
according to the second aspect of the present 
invention; 

Figure 40 is a block circuit diagram (part 1 ) showing 
a 12th embodiment of the signal transmission sys- 
tem according to the second aspect of the present so 
invention; 

Figure 41 is a block circuit diagram (part 2) showing 
the 12th embodiment of the signal transmission 
system according to the second aspect of the 
present invention; 55 
Figure 42 is a block diagram showing one example 
of a prior art timing signal generating circuit; 
Figure 43 is a block diagram showing the basic 



functional configuration of a timing signal generat- 
ing circuit according to a third aspect of the present 
invention; 

Figure 44 is a block diagram showing a configura- 
tional example of the timing signal generating cir- 
cuit as a first embodiment according to the third 
aspect of the present invention; 
Figure 45 is a circuit diagram showing one example 
of a delay unit used in a variable delay line in the 
timing signal generating circuit of Figure 44; 
Figure 46 is a block circuit diagram showing one 
example of a phase comparator circuit in the timing 
signal generating circuit of Figure 44; 
Figure 47 is a timing diagram for explaining the 
operation of the phase comparator circuit of Figure 
46; 

Figure 48 is a circuit diagram showing one example 
of a charge pump circuit in the timing signal gener- 
ating circuit of Figure 44; 

Figure 49 is a circuit diagram showing another 
example of the delay unit used in the variable delay 
line in the timing signal generating circuit of Figure 
44; 

Figure 50 is a block circuit diagram showing a con- 
figurational example of a control signal generating 
circuit in the timing signal generating circuit as a 
second embodiment according to the third aspect 
of the present invention; 

Figure 51 is a circuit diagram showing one example 
of a current-to-voltage conversion circuit for con- 
verting the output of the control signal generating 
circuit of Figure 50; 

Figure 52 is a block diagram showing one example 
of the configuration of an essential portion of the 
timing signal generating circuit as a third embodi- 
ment according to the third aspect of the present 
invention; 

Figure 53 is a block circuit diagram showing one 
example of a D/A converter for performing a D/A 
conversion of the outputs of an up-down counter in 
Figure 52; 

Figure 54 is a circuit diagram showing a configura- 
tional example of one current matrix cell in the D/A 
converter shown in Figure 53; 
Figure 55 is a block diagram showing a configura- 
tional example of the timing signal generating cir- 
cuit applicable to a slave circuit, as a fourth 
embodiment according to the third aspect of the 
present invention; 

Figure 56 is a circuit diagram showing one example 
of a phase interpolator in Figure 55; 
Figure 57 is a circuit diagram showing a configura- 
tion^ example of the phase interpolator as a fifth 
embodiment according to the third aspect of the 
present invention; 

Figure 58 is a circuit diagram showing a configura- 
tion^ example of the timing signal generating cir- 
cuit used to perform a simulation of the fifth 
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embodiment according to the present invention; 
Figure 59 is a diagram showing simulation results 
for the timing signal generating circuit of Figure 58; 
Figure 60 is a block diagram showing a configura- 
tions! example of the timing signal generating cir- s 
cuit as a sixth embodiment according to the third 
aspect of the present invention; 
Figure 61 is a block diagram showing a configura- 
tions! example of the timing signal generating cir- 
cuit as a seventh embodiment according to the third io 
aspect of the present invention; 
Figure 62 is a circuit diagram showing a configura- 
tional example of a sine wave generating circuit as 
an eighth embodiment according to the third aspect 
of the present invention; is 
Figures 63A, 63B, and 63C are diagrams showing 
simulation results for the sine wave generating cir- 
cuit of Figure 62; 

Figure 64 is a block diagram showing a configura- 
tional example of the timing signal generating cir- 20 
cuit as a ninth embodiment according to the third 
aspect of the present invention; 
Figure 65 is a block diagram showing a configura- 
tional example of the timing signal generating cir- 
cuit as a 10th embodiment according to the third 25 
aspect of the present invention; 
Figure 66 is a block diagram showing one example 
of the configuration of an essential portion of the 
timing signal generating circuit as an 11th embodi- 
ment according to the third aspect of the present 30 
invention; 

Figure 67 is a circuit diagram showing one example 
of the phase interpolator (phase adjuster) in the 
timing signal generating circuit of Figure 66; 
Figure 68 is a circuit diagram showing one example 35 
of a four-phase PLL circuit applicable for use in the 
timing signal generating circuit of Figure 66; 
Figure 69 is a circuit diagram showing one example 
of a signal conversion block in the four-phase PLL 
circuit of Figure 68; 40 
Figure 70 is a circuit diagram showing one example 
of a differential amplifier block in the four-phase 
PLL circuit of Figure 68; 

Figure 71 is a diagram showing output signals of 
the four-phase PLL circuit of Figure 68; 45 
Figure 72 is a block diagram showing the basic 
functional configuration of the phase interpolator 
according to the present invention; 
Figure 73 is a waveform diagram for explaining the 
operation of the phase interpolator of Figure 72; so 
Figure 74 is a circuit diagram showing a configura- 
tion^ example of the phase interpolator as a 12th 
embodiment of the present invention; 
Figure 75 is a circuit diagram showing a configura- 
tional example of a weighting control block in the ss 
phase interpolator of Figure 74; 
Figure 76 is a circuit diagram showing a configura- 
tions! example of the phase interpolator as a 13th 



14 

embodiment of the present invention; 
Figure 77 is a circuit diagram showing a configura- 
tional example of the phase interpolator as a 14th 
embodiment of the present invention; 
Figure 78 is a circuit diagram showing a configura- 
tional example of the phase interpolator as a 15th 
embodiment of the present invention; 
Figures 79A and 79B are circuit diagrams showing 
examples of transconductors in the phase interpo- 
lator of Figure 78; 

Figure 80 is a circuit diagram showing a conf igura- 
tional example of the phase interpolator according 
to a 16th embodiment of the present invention; 
Figure 81 is a circuit diagram showing one example 
of a circuit for generating bias signals in the phase 
interpolator of Figure 80; 

Figure 82 is a circuit diagram showing another 
example of the circuit for generating the bias sig- 
nals in the phase interpolator of Figure 80; 
Figure 83 is a circuit diagram showing a configura- 
tions! example of a variable current source as a 
modified example of the 16th embodiment of Figure 
80; 

Figure 84 is a circuit diagram showing a configura- 
tions! example of a portion of the phase interpolator 
as a 1 7th embodiment of the present invention; and 
Figure 85 is a diagram for explaining a configura- 
tional example of the phase interpolator as an 18th 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Before describing embodiments according to each 
mode of the present invention, a prior art semiconductor 
integrated circuit device will be described first. 

Figure 1 shows the organization of a prior art 
DRAM in schematic form. In the following description, 
signals that take an active state at a low level "L" (active 
low signals) are generally designated by prefixing a T. 

A chip select signal /CS, s row address strobe sig- 
nal /RAS, a column address strobe signal /CAS, and a 
write enable signal /WE are supplied to a command 
decoder 1 ; further, signals combining logic values of 
other signals are supplied to it when necessary. A com- 
mand signal which is output from the command decoder 
1 is supplied to a timing signal generating circuit 2. This 
command signal is activated or deactivated st predeter- 
mined timing and supplied as a DRAM control signal to 
a DRAM core 3. The predetermined timing here is cre- 
ated by delaying the timing of the command generation 
or the timing of an edge of a clock CLKi through a delay 
circuit. The clock CLKi is obtained by supplying an 
external CLK to a clock buffer circuit 4. 

During a high level TP period of the row address 
strobe signal /RAS, a control signal PR is output from 
the timing signal generating circuit 2 and supplied to a 
precharge circuit 5 so that bit lines BL and /BL in a 
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memory cell array 6 are precharged, for example, to a 
potential of VDD/2. Precharging of a CAS data bus DB 
and a data I/O buffer circuit 13 is performed when the 
column address strobe signal /CAS is at a high level 

When the row address strobe signal /RAS makes a 
transition to a low level "L", the following series of RAS- 
related operations is performed asynchronously with 
the clock CLKi. That is, the high-order part of the 
address, A23 - A12, is latched into a row address buffer 
register 7 by a signal from the timing signal generating 
circuit 2 and is decoded by a row decoder 8. Selected 
word line WL is raised to a high voltage by a signal RX 
from the timing signal generating circuit 2, and charge in 
a cell 6a is read out onto the bit line BL By control sig- 
nals SAP (for turning on or off a pMOS transistor in a 
sense amplifier array 9) and SAN (for turning on or off 
an nMOS transistor in the sense amplifier array 9) from 
the timing signal generating circuit 2, the sense ampli- 
fier array 9 is activated and a very small potential differ- 
ence developed between the bit lines BL and /BL is 
amplified. If the activation is initiated prematurely, the 
potential difference between the bit lines BL and /BL 
may not be adequate and may be amplified in the oppo- 
site direction due to noise- 
When the column address strobe signal /CAS 
makes a transition to a low level "L", a series of CAS- 
related operations is initiated. At the rising of the column 
address strobe signal /CAS, if the write enable signal 
/WE is at a high level "H", a read operation is initiated, 
and if it is at a low level "L", a write operation is initiated. 
The low-order part of the address, A1 1 - AO, is latched 
into a column address buffer register 10 by a signal from 
the timing signal generating circuit 2 and is decoded by 
a column decoder 1 1 to select one column gate in a col- 
umn gate array 12, thus connecting the bit lines BL and 
/BLto the data bus DB. In a read operation, data on the 
bit lines BL and /BL is read out via the data I/O buffer cir- 
cuit 13, and in a write operation, data on the data bus 
DB is written into the cell 6a through the bit lines BL and 
/BL Next, the word line WL is driven to the low level, 
and the control signals SAP and SAN are deactivated to 
turn off the sense amplifier array 9. 

In clock synchronous DRAMs such as synchronous 
DRAMs (SDRAMs) and Rambus DRAMs (DRAMs com- 
pliant with the Rambus specification), higher speeds are 
achieved by pipelining the CAS-related operations syn- 
chronously with a clock. For the RAS-related opera- 
tions, however, timings for signal activation and 
deactivation are adjusting in the timing signal generat- 
ing circuit 2 by utilizing signal delays through loads such 
as transistors, capacitors, wiring, etc. regardless of 
whether the DRAM is a clock synchronous DRAM or 
asynchronous DRAM. The design for such timing 
adjustments is performed using simulation, to accom- 
plish the timing adjustments with high accuracy, but 
since variations in manufacturing process, fluctuations 
in supply voltage, etc. must be considered, the design 



time becomes longer and the cost increases accord- 
ingly. 

In the case of general-purpose DRAMs which are 
produced in large quantities per item, this will be less of 

5 a problem since a long design time is allowed, but in the 
case of D RAM/logic mixed chips such as ASICs which 
require a short delivery time and are produced in small 
quantities, this does present a problem. This problem 
becomes more pronounced as the operating clock fre- 

10 quency increases. To shorten the chip design time, a 
method is proposed in which the RAS-reiated opera- 
tions are also performed synchronously with the same 
dock as the operating clock of logic circuitry. 

However, when the clock frequency is, for example, 

15 100 MHz, timing is designed in units of 10 ns; even if 
both the rising and falling clock edges are utilized, tim- 
ing adjustments are possible only in units of 5 ns, and 
the need for higher DRAM operating speeds cannot be 
satisfied. 

20 Next, embodiments according to a first aspect of 
the present invention will be described with reference to 
Figures 2 to 9. 

Figure 2 is a block diagram showing in schematic 
form a semiconductor integrated circuit device 20 as a 

25 first embodiment according to the first aspect of the 
present invention. The same parts as those in Figure 1 
are designated by the same reference numerals. 

As shown in Figure 2, the semiconductor integrated 
circuit device 20 is an ASIC containing: a DRAM com- 

30 prising a command decoder 1 , a DRAM core 3. a clock 
buffer circuit 4, and a timing signal generating circuit 22; 
a logic circuit 24 such as a CPU or memory controller; 
and other logic circuits 25. 

The logic circuits 24 and 25 operate synchronously 

35 with the clock CLKi. The logic circuit 24 supplies a chip 
select signal /CS, a row address strobe signal /RAS, a 
column address strobe signal /CAS, and a write enable 
signal /WE to the command decoder 1 , and a command 
appropriate to the combination of the logic values of 

40 these signals at the rising of the clock CLKi, for exam- 
ple, is issued from the command decoder 1 . The com- 
mand is SANC, SAPC, PRC, or PXC corresponding to 
the earlier mentioned SAN. SAP. PR, or PX, respec- 
tively. In the following description, an arbitrary one of 

45 these commands is designated CNTC and the DRAM 
control signal corresponding to the command CNTC is 
designated CNT 

A multi-phase clock generating circuit 26 generates 
clocks <[>1 to (j>n that are shifted in phase by 9 to ne with 

so respect to the clock CLKi by delaying the clock CLKi, for 
example, through 2m, 4m, 6m, .... 2(n-1)m, and 2nm 
inverters, respectively. Here, m is a natural number. The 
multi-phase clock generating circuit 26 may be con- 
structed from a DLL circuit that matches the phase of 

55 the clock $n to the phase of the clock CLKi. In that case, 
adjustments are made automatically so that.ne = 2k . 
Clocks <(>1 to <t>6 for the case of n = 6 and n0 = 2n are 
shown in Figure 4 together with the clock CLKi. The 
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clock cycle T is the same for the clocks <|>1 to <|>6 as for 
the clock CLKi. 

In the timing signal generating circuit 22 in Figure 2, 
a counter circuit 28 counts the clocks <J>1 to 4>6 gener- 
ated by the multi-phase clock generating circuit 26 and 
determines the timing for the activation and deactivation 
of the control signal CNT; the resulting signal is supplied 
to a timing buffer circuit 27 which then creates the con- 
trol signal CNT of that timing and supplies it to the 
DRAM core 3. A timing buffer circuit 271, which forms 
part of the timing buffer circuit 27, is controlled by 
counters 281 and 282 which form part of the counter cir- 
cuit 28. 

Figure 3 is a block circuit diagram showing a portion 
of the timing signal generating circuit 22 in the semicon- 
ductor integrated circuit device of Figure 2, and Figure 4 
is a timing chart illustrating one example of operation of 
the circuits shown in Figures 2 and 3. 

The timing buffer circuit 271 includes a flip-flop 30 
which is constructed using inverters 31 and 32 with the 
output of each inverter connected to the input of the 
other. The input end of the flip-flop 30 is connected to 
the drains of pMOS transistors 33A and 33B and an 
nMOS transistor 35; the sources of the pMOS transis- 
tors 33A and 33B are connected to power supply line 
VDD, while the source of the nMOS transistor 35 is con- 
nected to ground line. The output of the flip-flop 30 is 
supplied to one input of an AND gate 36 whose other 
input is supplied with the control command CNTC. 

The contents of each of the loop counters 281 and 
282 are so set that only one bit is different in value from 
the others, and are initialized, for example, to "00. ..1" by 
a reset pulse RST, as shown. Clocks 4>3 and <|>4 are sup- 
plied to the clock input terminals CK of the loop counters 

281 and 282, respectively. 

A negative reset pulse /RST is supplied to the gate 
of the pMOS transistor 33 A, and the output of the flip- 
flop 30 is thus initialized to the low level "L". The first bit 
output of the loop counter 281 is supplied as an activa- 
tion timing signal CNT1 to the gate of the nMOS transis- 
tor 35. After being initialized by the reset pulse RST, the 
loop counter 281 is set to "1 0...0" by the first pulse of the 
clock <|>3, which causes the nMOS transistor 35 to turn 
on, and the output of the flip-flop 30 thus goes to the 
high level "H". The output of the second bit of the loop 
counter 282 is supplied as a deactivation timing signal 
CNT2 to the gate of the pMOS transistor 33B. After 
being initialized by the reset pulse RST, the loop counter 

282 is set to "01 ...0" by application of two pulses of the 
clock 4>4, which causes the pMOS transistor 33B to turn 
on, and the output of the flip-flop 30 thus goes to the low 
level "L". 

The control command CNTC, as shown in Figure 4, 
for example, rises synchronously with the falling of the 
row address strobe signal /RAS which defines the initia- 
tion of a memory operation cycle, upon which the AND 
gate 36 is opened and the output of the flip-flop 30 is 
passed through the AND gate 36 and delivered as the 
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control signal CNT The control command CNTC goes 
to the low level "L" at the next falling edge of the row 
address strobe signal /RAS, for example, when the con- 
trol command PRC is issued from the command 
5 decoder 1. 

Timing adjustments for the other commands are 
also performed using circuitry similar to the one shown 
in Figure 3. 

According to the first embodiment, since clocks with 

10 prescribed phases output from the multi-phase clock 
generating circuit 26 are counted by the counters to 
adjust the timing for the activation and deactivation of 
the control command CNTC, that is, since the timing is 
adjusted (in a digital manner) in units of integral multi- 

15 pies of the number of delay stages in the multi-phase 
clock generating circuit 26, there is no need to strictly 
consider manufacturing process variations and supply 
voltage fluctuations in timing design. Furthermore, 
when the clock CLKi is 100 MHz and n = 6, for example, 

20 the design for timing adjustments can be done in units 
of 10/6 = 1.7 nsec, so that the adjustment of the com- 
mand activation and deactivation timings can be accom- 
plished with relatively high accuracy. 

Figure 5 is a block circuit diagram showing a portion 

25 of the timing signal generating circuit as a second 
embodiment according to the first aspect of the present 
invention. 

In the foregoing first embodiment according to the 
first aspect of the present invention, the bit length must 

30 be made long enough that the contents of the loop 
counters 281 and 282 do not make a complete cycle 
around the loop within a RAS cycle that starts at the fall 
of the row address strobe signal /RAS and ends at the 
next fall thereof. 

35 In view of this, in the counter circuit 28 A of the sec- 
ond embodiment, as shown in Figure 5, the loop coun- 
ter 281 counts the clock CLKi, and the clock <t>3 and a 
predetermined bit output of the loop counter 281 are 
supplied to an AND gate 37 to create the activation tim- 

40 ing signal CNT1, while the clock <|>4 and a predeter- 
mined bit output of the loop counter 281 are supplied to 
an AND gate 38 to create the deactivation timing signal 
CNT2. 

By so doing, the outputs of the loop counter 281 
45 can also be used in common for the adjustment of all 
other commands, which serves to simplify the configu- 
ration of the counter circuit 28A. In other respects, the 
configuration is the same as that shown in Figure 3. 
Figure 6 is a block circuit diagram showing a portion 
50 of the timing signal generating circuit 22 as a third 
embodiment according to the first aspect of the present 
invention. 

As shown in Figure 6, in the circuit of the third 
embodiment, the AND gate 36 in Figure 5 is eliminated 
55 and, instead, an AND gate 283 is used in the counter 
circuit 28B, and the clock CLKi and the control com- 
mand CNTC are supplied to the AND gate 283 whose 
output is then counted by the loop counter 281 . 
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According to this configuration, the output of the 
flip-flop 30 can be used directly as the control signal 
CNT, and there is no need to consider the delay associ- 
ated with the AND gate 36 in Figure 5. Furthermore, 
since the CLKi is passed through the AND gate 283 and 5 
counted by the loop counter 281 only when the control 
command CNTC is at a high level "H", the power con- 
sumption of the counter circuit 28B can be reduced. 

Further, the pMOS transistors 33A and 33B and 
nMOS transistor 35 in Figure 5 are replaced by nMOS 10 
transistors 35A and 35B and pMOS transistor 33, 
respectively, and the power supply wiring is reversed, so 
that a negative logic control signal /CNT is output from 
the.f lip-flop 30. In other respects, the configuration is the 
same as that shown in Figure 5. is 

Figure 7 is a block circuit diagram showing a portion 
of a DRAM control circuit as a fourth embodiment 
according to the first aspect of the present invention. 

As shown in Figure 7, in the DRAM control circuit of 
the fourth embodiment according to the first aspect of 20 
the present invention, the AND gate 36 in Figure 5 is 
eliminated, and instead, an AND gate 1a is provided in 
the command decoder 1A, and an output of the loop 
counter 281 and the control command CNTC are sup- 
plied to the AND gate 1a. In this case, the AND gate 1 a 25 
and the command decoder 1 in Figure 2 together consti- 
tute the command decoder 1 A. 

When the activation period of the control signal 
CTN is shorter than or equal to one cycle of the clock 
CLKi, the output of the AND gate 1a can be shared by 30 
the AND gates 37 and 38. 

Further, the loop counter 281 need only count the 
clock CLKi or one of the clocks 4>1 to <t>6; in Figure 7, the 
clock <(j2 is counted and, in a prescribed one cycle of it, 
the*control signal CNT is activated for a period starting 35 
atthe rising of the clock <|>3 and ending at the rising of 
the clock <(>1 in the next cycle of the clock CLKi. 

In the fourth embodiment also, the output of the flip- 
flop 30 can be used directly as the control signal CNT, 
and there is no need to consider the delay associated 40 
with the AND gate 36 in Figure 5. 

Figure 8 is a block circuit diagram showing a portion 
of the timing signal generating circuit as a fifth embodi- 
ment according to the first aspect of the present inven- 
tion. 45 

In applications where low DRAM operating speeds 
are allowed, production yields of semiconductor inte- 
grated circuits can be improved by designing the cir- 
cuitry so as to allow a greater timing margin in the timing 
signal generating circuit 22. It is, however, cumbersome so 
to change the design according to the application. 

In view of this, in the fifth embodiment according to 
the first aspect of the present invention, selection cir- 
cuits 284A, 284B, 285A, and 285B and a timing setting 
section 286 are provided in the counter circuit 28D, as 55 
shown in Figure 8. Here, the respective output bits from 
the loop counter 281 are supplied in common to the 
selection circuits 284A and 285A, and the clocks <|>1 to 



4>6 to the selection circuits 284B and 285B, and provi- 
sions are made so that the desired one input can be 
selected in each of the selection circuits 284A, 284B, 
285A, and 285B by the output of the timing setting sec- 
tion 286. 

The output of the timing setting section 286 can be 
set as desired, for example, by selectively blowing fuses 
using a laser beam. By setting the output before pack- 
aging each semiconductor chip according to the appli- 
cation or according to production process conditions, 
production yields of semiconductor integrated circuit 
devices can be increased without having to change the 
circuit design. In other respects, the configuration is the 
same as that shown in Figure 5. 

Figure 9 is a block circuit diagram showing a portion 
of the DRAM control circuit as a sixth embodiment 
according to the first aspect of the present invention. 

In the DRAM control circuit of the sixth embodiment 
according to the first aspect of the present invention, the 
concept of Figure 7 is applied to the circuit of Figure 8, 
and a timing setting register 286A is used as one form 
of the timing setting section 286 in Figure 8. 

According to the sixth embodiment, settings and 
changes can be made easily to the timing setting regis- 
ter 286A. 

In Figure 9, CNT1 and CNT2A output from AND 
gates 261 A and 261 B in the command decoder 1 B are 
activation coarse timing signals. 

In addition to the above-described embodiments, 
various modifications are also embraced in the first 
aspect of the present invention. For example, the config- 
uration may be such that the timing signal generating 
circuit 22 is used only for the /RAS related operations. In 
that case, the "prescribed operation cycte" stated in 
claim 1 is not a /RAS cycle, but refers to a low level 
period of the /RAS, and by setting the reset signal RST 
active during the period when /RAS is at the high level 
"H", the bit length of the loop counter can be reduced. 

In recent years, the performance of components 
used in computers and other information processing 
apparatuses has improved greatly, and with this, there 
has arisen a need for high-speed signal transmission 
and reception between LSIs (LSI chips) or between 
devices constructed with a plurality of LSIs. 

Next, a description will be given of a signal trans- 
mission system according to a second aspect of the 
present invention, but before that, one example of a 
prior art signal transmission system will be described 
with reference to Figure 10. 

Figure 10 is a block circuit diagram showing in 
schematic form one example of the prior art signal 
transmission system. In Figure 10, reference numeral 
401 is a drive circuit (buffer) for a clock elk at the trans- 
mitting end, 41 1 to 41 n are drive circuits for data DD1 to 
DDn at the transmitting end, 402 is a clock line (clock 
signal line), 421 to 42n are data lines (data signal lines), 
403 is a drive circuit for the clock at the receiving. end, 
431 to 43n are drive circuits for the data at the receiving 
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end, and 441 to 44n are data latch circuits (input 
latches). 

As shown in Figure 10, in the prior art signal trans- 
mission system for handling large amounts of data, sig- 
nals are transmitted using the plurality of signal lines 
402 and 421 to 42n. That is, the clock elk is transmitted 
to the receiving buffer (clock buffer) 403, for example, 
via the transmitting buffer 401 and the clock signal line 

402, and is then supplied to a clock terminal (latch tim- 
ing control terminal) on each of the input latches 441 to 
44n. 

On the other hand, the data (signals) DD1 to DDn 
are transmitted to the receiving buffers 431 to 43n via 
the transmitting buffers 41 1 to 41 n and data signal lines 
421 to 42n, respectively, and are then supplied to the 
input latches 441 to 44n whose latch timing is controlled 
by the clock (strobe signal) supplied from the clock 
buffer 403. 

In the prior art signal transmission system shown in 
Figure 10, because of the use of the plurality of signal 
lines 402 and 421 to 42n and buffers 401, 41 1 to 41 n, 

403, and 431 to 43n, the signals transmitting via the 
respective signal lines experience different delays. This 
means that optimum latch timing is different for each of 
the signals (data) transmitted via the respective signal 
lines (data signal lines 421 to 42n). This delay difference 
(skew) on each signal line becomes a major concern, 
for example, as the frequency of the clock elk increases 
for faster operating speeds (transmission speeds). 

Accordingly, if the signals (data) are latched by sup- 
plying a common strobe signal (clock elk) to the input 
latches 441 to 44n provided one for one for the signal 
lines 421 to 42n, as in the prior art signal transmission 
system shown in Figure 10, the skew between the sig- 
nal lines cannot be addressed. 

More specifically, if the difference in optimum signal 
latch timing becomes excessively large between the 
input latches 441 to 44n for the respective signal lines, 
all the signals cannot be latched (received) correctly by 
using the common timing (clock elk), as a result of which 
the distance and transmission speed for correct signal 
transmission are limited. Otherwise, to stretch the signal 
transmission distance or to increase the transmission 
speed (for increased bit rate), expensive cables spe- 
cially tuned for reduced skew must be used, but this not 
only increases the cost, but cannot achieve substantial 
improvements in the transmission distance and trans- 
mission speed; this, therefore, cannot be said to be a 
fundamental solution. 

First, the basic functional configuration of the sec- 
ond aspect of the present invention will be described 
with reference to Figures 1 1 to 13. 

Figure 11 is a block circuit diagram showing in 
schematic form the basic functional configuration of the 
signal transmission system according to the second 
aspect of the present invention, and Figures 12 and 13 
are timing diagrams for explaining one example of oper- 
ation in the signal transmission system of Figure 1 1 . 



In Figure 11, reference numerals 511 to 51 n are 
drive circuits (drivers) for data DD1 to DDn at the trans- 
mitting end, 521 to 52n are data lines (data signal lines), 
531 to 53n are timing adjusting circuits (optimum timing 

5 determining means), and 541 to 54n are data latch cir- 
cuits (input latches). 

As shown in Figure 1 1 . in the signal transmission 
system according to the second aspect of the present 
invention, signals are transmitted using the plurality of 

10 signal lines (data signal lines) 521 to 52n; that is, the 
data (signals) DDI to DDn are supplied to the timing 
adjusting circuits (timing adjusting means) 531 to 53n at 
the receiving end via the respective transmitting drivers 
51 1 to 51 n and data signal lines 521 to 52n. 

is The timing adjusting circuits 531 to 53n are also 
supplied with the clock elk, and the signal latch timing at 
each of the input latches (receiving circuits) 541 to 54n 
is optimized according to the skew on each of the signal 
lines 521 to 52n. Here, the timing adjusting circuits 531 

20 to 53n are configured to output strobe signals (clocks), 
clkl to elkn, near the center of the period (data window) 
during which the data DD1 to DDn are valid. 

More specifically, as shown in Figure 12, skew due 
to the signal lines, etc. exists between the data (signals) 

25 DD1 to DDn at the position indicated by PT5 on the sig- 
nal lines 521 to 52n in the signal transmission system 
shown in Figure 1 1 . Accordingly, with the clock elk opti- 
mum for latching the data DDI transmitted via the signal 
line 521 (the strobe signal at the timing near the center 

30 of the period during which the data DD1 is valid), for 
example, the data DDn transmitted via the signal line 
52n cannot be latched since the clock timing coincides 
with the transition timing of the data DDn. 

To address this, in the signal transmission system 

35 according to the second aspect of the present invention, 
the timing adjusting circuits 531 to 53n optimize the sig- 
nal latch timing at the respective input latches 541 to 
54n according to the skew on each of the signal lines 
521 to 52n, as shown in Figure 1 3. More specifically, the 

40 strobe signal (clock) clkl whose timing is adjusted by 
the timing adjusting circuit 531 by considering the skew 
due to the signal line 521, etc. is supplied to the input 
latch 541 that latches the data DD1; the strobe signal 
clk2 whose timing is adjusted by the timing adjusting cir- 

45 cuit 532 by considering the skew due to the signal line 
522, etc. is supplied to the input latch 542 that latches 
the data DD2; and the strobe signal elkn whose timing is 
adjusted by the timing adjusting circuit 53n by consider- 
ing the skew due to the signal line 52n, etc. is supplied 

so to the input latch 54n that latches the data DDn. Here, 
the rise timing of the strobe signal clkl substantially 
coincides with the center of the period during which the 
data DD1 is valid; the rise timing of the strobe signal 
clk2 substantially coincides with the center of the period 

55 during which the data DD2 is valid; and the rise timing of 
the strobe signal elkn substantially coincides with the 
center of the period during which the data DDn is valid. 
In this way, high-speed, error-free signal transmis- 
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sion can be achieved without being affected by the skew 
on each signal line. 

In the signal transmission system according to the 
second aspect of the present invention, the timing 
adjusting circuits 531 to 53n are not limited to the illus- 
trated configuration where the timing of the strobe sig- 
nals clkl to clkn supplied to the respective timing 
adjusting circuits 531 to 53n is adjusted at the receiving 
end; for example, the configuration may be such that the 
timing of the data DD1 to DDn is adjusted at the trans- 
mitting end. 

w Referring now to Figures 14 to 41. embodiments of 
the -signal transmission system according to the second 
aspect of the present invention will be described in 
detail below. 

Figure 14 is a block circuit diagram showing in 
schematic form a first embodiment of the signal trans- 
mission system according to the second aspect of the 
present invention, and Figure 15 is a timing diagram for 
explaining one example of an operation in the signal 
transmission system of Figure 14. 

In Figure 14, reference numeral 530 is a timing 
adjusting circuit (optimum timing determining means), 
5301 is a phase comparator circuit, 5302 and 5303 are 
variable delay circuits, 540 is a data latch circuit (input 
latch), and 520 is a signal line (data signal line). Here, 
the Variable delay circuits 5302 and 5303 are identical in 
configuration, and provide the same amount of delay in 
accordance with an output from the phase comparator 
circuit 5301 . The data DD, signal line 520, timing adjust- 
ing circuit 530, and input latch 540 in the first embodi- 
ment correspond, for example, to the data DD1 , signal 
line 521 , timing adjusting circuit 531 , and input latch 541 
in Figure 11; therefore, the circuit block shown here is 
provided for each of the data (DDI to DDn). 

-In the signal transmission system of the first 
embodiment, the timing adjusting circuit 530 for adjust- 
ing the relative timing relationship between the received 
signal (data) DD and the clock elk (elk*) is provided at 
the receiving end so that the input latch 540 latches the 
data DD at the optimum timing (the timing near the 
center of the period during which the data DD is valid). 
More specifically, as shown in Figure 14, the timing 
adjusting circuit 530 comprises the first variable delay 
circuit 5302 which provides a delay to the first clock elk, 
the second variable delay circuit 5303 which provides a 
delay to the second clock elk', and the phase compara- 
tor circuit 5301 which compares the phase of the data 
DD with the phase of the second clock elk' supplied via 
the second variable delay circuit 5303. Here, the second 
clock elk' is a signal shifted in phase by 180 degrees 
with respect to the first clock elk. The second embodi- 
ment uses the two-phase clocks elk and elk' having a 
180-degree phase difference with respect to each other. 

Here, as shown in Figure 15, the phase comparator 
circuit 5301 compares the phase of the DD with that of 
the second clock elk' and controls the amount of delay in 
the second variable delay circuit 5303 so as to make the 



rise timing of the second clock elk' coincide with the 
transition timing of the data DD. Further, the phase com- 
parator circuit 5301 also controls the delay in the first 
variable delay circuit 5302 in the same way that it con- 

5 trols the delay in the second variable delay circuit 5303, 
and gives the first clock (strobe signal) elk the same 
amount of delay as that in the second variable delay cir- 
cuit 5303. As a result, the rise timing of the first clock elk 
having a 180-degree phase difference relative to the 

10 second clock elk' is made to substantially coincide with 
the timing at the center of the period (data window) dur- 
ing the data DD is valid, thus achieving data reception 
with low error rates. 

The timing adjusting circuit 530 is provided for each 

15 of the signal lines (521 to 52n), so that data can be 
received correctly for all data lines. In Figure 1 4, the var- 
iable delay circuits 5302 and 5303 are constructed from 
multi-stage inverters and the amount of delay is varied 
by varying the number of inverter stages, but it will be 

20 appreciated that various other configurations are possi- 
ble. 

Figure 16 is a block circuit diagram showing in 
schematic form a modified example of the signal trans- 
mission system shown in Figure 14, and Figure 17 is a 

25 timing diagram for explaining one example of operation 
in the signal transmission system of Figure 16. As can 
be seen from the comparison between Figure 13 

and Figure 16, and also from Figure 17, the modi- 
fied example (timing adjusting circuit 530') of the first 

30 embodiment can be applied when the clock (clkO) has a 
duty cycle of about 50%, that is, the high level period of 
the clock clkO is approximately equal in length to the low 
level period thereof. The clock clkO is used as the sec- 
ond clock elk' in Figure 14, and the first clock elk and the 

35 first variable delay circuit 5302 in Figure 1 4 can be elim- 
inated. 

As shown in Figures 16 and 17, in the modified 
example of the first embodiment, the amount of delay in 
the variable delay circuit 5303 is controlled so that the 

40 timing of the clock clkO coincides with the timing of the 
data DD, and the data latch timing at the input latch 540 
is controlled by a signal (/clkO) produced by inverting the 
clock clkO through an inverter 5304. 

More specifically, the rise timing of the clock clkO is 

45 made to coincide with the transition timing of the data 
DD by means of the phase comparator circuit 5301 and 
the variable delay circuit 5303. At this time, the rise tim- 
ing of the strobe signal (clock) /clkO, the complement of 
the clock clkO, substantially coincides with the timing at 

so the center of the period during which the data DD is 
valid; therefore, by using this signal /clkO, the input latch 
540 latches the data. In this way, according to the mod- 
ified example, by using a single-phase clock having a 
duty cycle of about 50%, high-speed, error-free signal 

55 transmission can be achieved without being affected by 
skew. 

Figure 18 is a block circuit diagram showing in 
schematic form a second embodiment of the signal 
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transmission system according to the second aspect of 
the present invention. In Figure 18, reference numeral 
550 is a timing adjusting circuit, 5501 is a tapped delay 
circuit, and 5502 is a terminating resistor. 

As shown in Figure 18, in the signal transmission 
system of the second embodiment, the clock elk is used 
directly as the strobe signal to the input latch 540, and 
instead, the tapped delay circuit 5501 is inserted in the 
path of the data DD to adjust the timing. Here, the 
tapped delay circuit 5501 is a tapped transmission line 
formed, for example, from a thin-film circuit or an inter- 
connection pattern on a printed circuit board; a plurality 
of tappings each including a capacitor CC, a switch SW, 
and a resistor RR are provided along the transmission 
line, and the amount of delay to be introduced in the 
data DD is controlled in a variable manner by turning the 
desired switch on. A transmission line having a trans- 
mission distance of about 5 cm and a maximum delay of 
about 1 nsec, for example, can be used as the tapped 
delay circuit 5501. It will, however, be appreciated that 
other configurations can also be used for the tapped 
delay circuit 5501 provided that it is a variable delay cir- 
cuit capable of delaying an analog signal (data DD). 

Though it requires the provision of an external delay 
line (the tapped delay circuit 5501), the signal transmis- 
sion system of the second embodiment can achieve 
faster signal transmission because it is highly stable 
over temperature, etc. and is capable of delay control 
with an excellent frequency characteristic. 

Figure 19 is a block diagram showing in schematic 
form a third embodiment of the signal transmission sys- 
tem according to the second aspect of the present 
invention. In Figure 19, reference numerals 561 to 56n 
are timing adjusting circuits (optimum timing determin- 
ing means), 5601 is a data latch circuit (output latch), 
and 5602 is a variable delay circuit. 

As shown in Figure 19, the signal transmission sys- 
tem of the third embodiment accomplishes timing 
adjustments at the signal transmitting end by making 
transmission timing variable. The output latch 5601 is 
provided in front of each of the transmitting drive circuits 
(drivers) 51 1 to 51n, and the clock elk delayed through 
the variable delay circuit 5602 is used as the strobe sig- 
nal to the output latch 5601 . That is, the timing of each 
of the drivers 511 to 51 n is adjusted by the output of the 
variable delay circuit 5602 whose amount of delay is 
controlled in a variable manner. 

More specifically, the timing adjusting circuit 561 , 
for example, controls the driver 51 1 so that the data 
DD1 is transmitted at such a timing that the clock at the 
receiving end occurs at the optimum point of the data 
DD1 (the timing that substantially coincides with the 
center of the period during which the data DD is valid). 
In the signal transmission system of the third embodi- 
ment, the transmission timing of the data (DDI to DDn) 
is adjusted by the timing adjusting circuit (561 to 56n) at 
the transmitting end, and this timing adjustment is per- 
formed using a communication protocol, for example, 



when power is turned on. More specif ically, when power 
is turned on, for example, prescribed signals (data) are 
transmitted over the respective signal lines 521 to 52n 
with their timing sequentially varied by the respective 

s timing adjusting circuits 561 to 56n, and the timing opti- 
mum for data latching at the receiving end is determined 
by feeding it back to the respective timing adjusting cir- 
cuits 561 to 56n. 

The signal transmission system of the third embod- 

10 iment can simplify the circuit configuration at the receiv- 
ing end, and is preferred, for example, when cost 
reductions of receiving devices are strongly desired. 

Figure 20 is a block circuit diagram showing in 
schematic form a fourth embodiment of the signal trans- 

15 mission system according to the second aspect of the 
present invention. In Figure 20, reference numeral 5310 
is a timing adjusting circuit, and 531 1 is a phase interpo- 
lator. 

As shown in Figure 20, in the signal transmission 

20 system of the fourth embodiment, the timing adjusting 
circuit 5130 comprises the phase interpolator 5311 
which generates from a plurality of clocks with different 
phases a new clock having an intermediate phase. 
More specifically, four-phase clocks <t>0 to (j>3 are sup- 

25 plied to the phase interpolator 5311 and, based on 
these four-phase clocks, an intermediate phase is gen- 
erated and the resulting strobe signal (clkOO) is supplied 
to the input buffer 540. Needless to say, this phase inter- 
polator 531 1 is provided for each input latch 540 (541 to 

30 54n) which latches the data DD (DD1 to DDn) transmit- 
ted via each signal line 520 (521 to 52n). 

Figure 21 is a circuit diagram showing one example 
of the phase interpolator in the signal transmission sys- 
tem of Figure 20. 

35 As shown in Figure 21 , the phase interpolator 531 1 
takes a weighted sum of the four-phase input clocks 4>0 
to $3 by varying the tail current of a pair of differential 
amplifier stages 5312 and 5313. and supplies signals 
S1 and S2 from the two differential amplifier stages 

40 5312 and 5313 to a comparator 5313 to obtain an out- 
put (strobe signal clkOO) having a phase intermediate 
between the phases of these two signals S1 and S2. 
Here, weighting of the input clocks <t>0 to <|>3 in the differ- 
ential amplifier stages 5312 and 5313 is done using a 

45 plurality of control transistor pairs each consisting, for 
example, of two nMOS transistors connected in series. 
One transistor (5315) in each pair is supplied at its gate 

with a control code (C01, C02 COn; C11, C12 

C1n), while the gates of the other transistors in the 

so respective pairs are connected in common and supplied 
with a control voltage (Vcn). Using the phase interpola- 
tor 531 1 of such configuration offers the advantage that 
the timing of the output signal (strobe signal clkOO) can 
be adjusted in a digital manner with a resolution higher 

55 than that of one delay unit stage. Highly accurate timing 
adjustments can thus be achieved. 

Figure 22 is a block circuit diagram showing in 
schematic form a fifth embodiment of the signal trans- 
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mission system according to the second aspect of the 
present invention. In Figure 22, reference numeral 570 
is a retiming circuit, 571 to 573 are latch circuits, 574 is 
a selector, 575 is a shift register, 576 is a variable delay 
circuit, and 577 is a delay control circuit. The fifth 
embodiment is applied to the case where the variable 
delay circuit 576 is inserted in the path of the clock 
(strobe signal) used to drive the input latch 540 at the 
receiving end. The variable delay circuit 576 and delay 
control circuit 577 shown here correspond, for example, 
to the variable delay circuit 5302 and phase comparator 
circuit 5301 in the first embodiment shown in Figure 14. 

In the signal transmission system of the previously 
described first embodiment, for example, the variable 
delay circuit 576 (5302) is inserted in the path of the 
clock to the input latch 540 to enable the data DD to be 
latched at the optimum timing, but as for the signal 
passed through the input latch 540, though the signal 
level is digitized, the data change timing is different for 
each signal line (data line) 520 because of the skew on 
the cable. 

In view of this, in the signal transmission system of 
the fifth embodiment, the input latch 540 is followed by 
the retiming circuit 570 to latch the data again so that all 
data will change at the same timing; furthermore, a one- 
bit or longer-than-one-bit delay between each data is 
adjusted by the shift register 575. 

As shown in Figure 22, the retiming circuit 570 com- 
prises the latch circuits 571 to 573 and selector 574; 
either the output of the two-stage cascaded latch cir- 
cuits 571 and 572 or the output of the latch circuit 573 is 
selected by the selector 574. Here, a strobe signal RTB 
is supplied to the latch circuit 571, and a strobe signal 
RTA to the latch circuits 572 and 573. The strobe signal 
RTA has a phase difference of 180 degrees with respect 
to the strobe signal RTB. 

Figures 23 and 24 are timing diagrams for explain- 
ing one example of operation in the signal transmission 
system of Figure 22. 

As shown in Figure 23, though each data (signal) 
DD (DD1 to DDn) is latched at the optimum timing at the 
output position of the input latch 540 (541 to 54n) indi- 
cated by PT51 in Figure 22, the data change timing is 
different for each data DD (DD1 to DDn) because of the 
skew due to the signal line, etc. 

However, at whatever position each data changes, 
data latching is possible with the timing (rise timing) of 
at least one of the two signals (strobe signals), RTA and 
RTB, that are 180 degrees out of phase with respect to 
each other. More specifically, when the rise timing of 
one strobe signal RTA occurs in the transition region of 
the data DD2 and DDn, for example, the rise timing of 
the other strobe~signal RTB, which is 180 degrees out of 
phase with respect to the signal RTA, invariably occurs 
during the period when the data DD2 and DDn are valid, 
and the data can thus be latched. 

In the retiming circuit 570 of the fifth embodiment, 
the output of the input latch 540 is latched both by the 



latch circuit 571 , to which the strobe signal RTB is sup- 
plied, and by the latch circuit 573, to which the strobe 
signal RTA is supplied, so that at least either one of the 
latch circuits can latch the correct data; further, with the 

5 provision of the latch circuit 572 following the latch cir- 
cuit 571, the outputs of the latch circuits 571 (572) and 
573 can be supplied to the selector 574 at the timing 
defined by the strobe signal RTA. Here, the output of the 
delay control circuit 577 is supplied to the selector 574 

io to determine which of the two outputs, the latch circuit 
572 or 573, is to be selected. 

As a result, as shown in Figure 24, the data DD1 to 
DDn change at the same timing (the data are retimed) 
at the output position of the selector 574 indicated by 

15 PT52 in Figure 22. There is, however, a possibility that a 
one-bit or a longer-than-one-bit delay may exist 
between the data DD1 to DDn. 

For example, there can occur a case where the 
data DD1 is delayed by one bit with respect to the data 

20 DD2 and the data DDn is delayed by two bits with 
respect to the data DD2, as shown in Figure 24. To 
address this, in the signal transmission system of the 
fifth embodiment, the shift register 575 is provided fol- 
lowing the selector 574 to match (deskew) the output 

25 timing of all data to the timing of the data having the 
greatest delay (for example, the data DDn). 

Figure 25 is block circuit diagram showing in sche- 
matic form a sixth embodiment of the signal transmis- 
sion system according to the second aspect of the 

30 present invention, and Figures 26 and 27 are timing dia- 
grams for explaining one example of an operation in the 
signal transmission system of Figure 25. In Figure 25, 
reference numeral 580 is a retiming circuit, 581 to 584 
are latch circuits, 585 and 586 are variable delay cir- 

35 cuits, and 540a and 540b are input latches. 

As shown in Figure 25, in the signal transmission 
system of the sixth embodiment, the input latch 540 in 
the foregoing fifth embodiment is replaced by the two 
input latches 540a and 540b which operate in an inter- 

40 leaving fashion. More specifically, two clocks (strobe 
signals) aa and bb 180 degrees out of phase with 
respect to each other, as shown in Figure 26, are sup- 
plied to the input latches 540a and 540b via the variable 
delay circuits 585 and 586, respectively, so that data are 

45 latched alternately by the two input latches 540a and 
540b. Here, the frequency of the strobe signals aa and 
bb is twice the frequency of, for example, the signals 
RTA and RTB in the foregoing fifth embodiment, and the 
data DD (..., DD(m-2), DD(m-1), DD(m), DD(m+1), 

so DD(m+2), ...) sequentially transmitted over the signal 
line 520 are latched alternately by the input latches 
540a and 540b. Accordingly, the input latches 540a and 
540b need only operate at half the speed of the actual 
data rate (the transmitted signal rate). The above inter- 

55 leaving operation is not limited to interleaving between 
two parts, but the interleaving may be performed 
between three or more parts. 

The retiming circuit 580 comprises a two-stage cas- 



15 



BNSDOCiD: <EP 0884732A2J_> 



29 

cade of the latch circuits 581 and 582, which receives 
the output of the input latch 540a, and a two-stage cas- 
cade of the latch circuits 583 and 584, which receives 
the output of the other input latch 540b; a strobe signal 
RTC is supplied to the latch circuits 581 , 582, and 584, 
and a strobe signal RTD is supplied to the latch circuit 
583. 

As shown in Figure 27, the strobe signals RTC and 
RTD are 1 80 degrees out of phase with respect to each 
other and, using these signals as the strobe signals, the 
data DD (..., DD(m-2), DD(m-1), DD(m), DD(m+1), 
DD(m+2), ...) sequentially transmitted over the signal 
line 520 can be received in the form of the outputs of the 
latch circuits 581, 582, and 584. 

In this way, since the circuitry from the input latches 
(540a and 540b) onward can be operated at half the 
transmission rate of the signal line by virtue of the inter- 
leaving operation, the signal transmission system of the 
sixth embodiment is suitable for high-speed transmis- 
sion of signals. This also offers the advantage of simpli- 
fying the circuit design because time constrains are 
eased for latch operations in the retiming circuit 580. 

Figure 28 is a block diagram showing in schematic 
form a seventh embodiment of the signal transmission 
system according to the second aspect of the present 
invention, in which a so-called PRD (Partial Response 
Detection) type latch (differential PRD receiver) is used 
as the interleaving latch. In Figure 28. reference numer- 
als 520a and 520b are signal lines for transmitting com- 
plementary signals (data) DD and /DD, and 590a and 
590b are PRD amplifiers which operate in an interleav- 
ing fashion. In the seventh embodiment, the two signal 
lines 520a and 520b are provided for one data DD 
which is thus transmitted as complementary data DD 
and /DD. It will be appreciated that in other embodi- 
ments also, either a single line or differential (comple- 
mentary) lines may be used for signal transmission. 

As shown in Figure 28, the receiver circuit (input 
latch) of the seventh embodiment comprises the first 
PRD amplifier 590a and second PRD amplifier 590b to 
which the complementary data DD and /DD are sup- 
plied, and which operate in interleaving fashion by being 
controlled by control signals <t>10 and 4>20. Here, output 
signals from the first and second PRD amplifiers 590a 
and 590b are processed, for example, via a serial-paral- 
lel conversion circuit or the like, for a lower operating fre- 
quency at the subsequent stage. 

Figure 29 is a circuit diagram showing one example 
of the PRD amplifier in the signal transmission system 
of Figure 28. In Figure 29, reference numeral 591 is a 
PRD functional block, 592 is a differential amplifier block 
having a precharge function, and 593 and 594 are a 
waveform shaping differential amplifier and inverter. 

As shown in Figure 29, the PRD functional block 
591 comprises four capacitors C10a, CI 0b, C20a, and 
C20b, and four transfer gates (switch means) 5911, 
5912, 5913, and 5914, and the connections of the 
capacitors are controlled by the control signals <J>1 0 



30 

(/<t>10) and <|>20 (/<t>20) so that the intersymbol interfer- 
ence component elimination operation and signal deci- 
sion operation shown in Figures 31 and 32 are 
performed alternately. 

5 When using the circuit shown in Figure 29 as a dif- 

ferential PRD receiver, the relation C20 = 1/3 • C10 must 
hold between the capacitance C10 of the capacitors 
ClOa and C10b and the capacitance C20 of the capac- 
itors C20a and C20b. When using the circuit as an auto- 

10 zero receiver, not as a PRD receiver, C10 should be 
made equal to C20. 

The differential amplifier block 592 differentially 
amplifies the input signals and makes a decision on the 
data. Further, the differential amplifier block 592 

75 includes transfer gates 5921 and 5922 so that a pre- 
charge operation is performed during the intersymbol 
interference component estimation operation. 

The differential amplifier 593 and inverter 594 are 
provided to amplify the output level of the differential 

20 amplifier block 592 and output a waveshaped signal. In 
the circuit of Figure 29, complementary transfer gates 
are used as the switch devices, but other devices having 
switching functions can also be used; for example, the 
switch devices may be constructed using only NMOS 

25 transistors or only PMOS transfer gates. Further, the dif- 
ferential amplifier block 592 is configured as an NMOS 
gate-receiving type, but whether it should be configured 
as an NMOS gate-receiving type or PMOS gate-receiv- 
ing type depends on technology, etc., and whichever is 

30 suitable can be chosen. 

Figure 30 is a diagram for explaining the timing sig- 
nals (control signals $10 and $20) used in the signal 
transmission system of Figure 28, and Figures 31 and 
32 are diagrams for explaining one example of opera- 

35 tion in the signal transmission system of Figure 28. 

The receiver circuit of the seventh embodiment 
shown in Figure 28 performs interleaving operations 
such that, at one timing, one PRD amplifier (the first 
PRD amplifier 590a) performs an intersymbol interfer- 

40 ence component estimation operation while the other 
PRD amplifier (the second PRD amplifier 590b) is per- 
forming a data decision operation, and at the next tim- 
ing, the one PRD amplifier (the first PRD amplifier 590a) 
performs a data decision operation while the other PRD 

45 amplifier (the second PRD amplifier 590b) is performing 
an intersymbol interference component estimation 
operation. 

Here, in the PRD amplifier that is performing the 
intersymbol interference component estimation opera- 
so tion, precharging of the same PRD amplifier is being 
performed at the same time, and the input level is pre- 
charged to a prescribed voltage (precharge voltage Vpr) 
through the transfer gates 5921 and 5922. Since this 
precharging is performed in the background during the 
55 interleave data read period, the precharge time does 
not affect the data transfer cycle. 

According to the signal transmission system of the 
seventh embodiment, since the component associated 
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with the first-order response of the signal transmission 
system is eliminated from the intersymbol interference 
contained in the input signal (data DD, /DD) t stable 
reception unaffected by signal DC drift becomes possi- 
ble. Further, in an auto-zero receiver also, where the 
relation between the capacitance C10 of the capacitors 
C10a and C10b and the capacitance C20 of the capac- 
itors C20a and C20b is set to C10 = C20, phase noise, 
etc. can be eliminated, and a greatly improved phase 
noise withstanding characteristic is obtained. 

• Figure 33 is a block circuit diagram showing in 
schematic form an eighth embodiment of the signal 
transmission system according to the second aspect of 
the present invention. In Figure 33, reference numeral 
501 is a drive circuit (clock driver) for the clock elk at the 
transmitting end, 502 is a clock line, 503 is a clock 
receiver, and 611 to 61 n are variable delay circuits 
(clock timing adjusting circuits). 

As shown in Figure 33, in the signal transmission 
system of the eighth embodiment, the timing of the 
transmitted clock elk is adjusted at the receiving end by 
the variable delay circuits 611 to 61 n provided for the 
input latches 541 to 54n, to optimize data latching timing 
at the input latches 541 to 54n. 

Here, the clock elk is sent from the transmitting end 
together with the data DDI to DDn (the clock is sent as 
special data of a bit pattern repeating as "0101..."); if 
there is jitter in the clock generating circuit at the trans- 
mitting end, the jitter is common to all transmitted data 
and clock elk. Accordingly, in the signal transmission 
system of the eighth embodiment, jitter causes no ill 
effect as long as the data are latched using this clock 
clkr 

•^Figure 34 is a block circuit diagram showing in 
schematic form a ninth embodiment of the signal trans- 
mission system according to the second aspect of the 
present invention. In Figure 34, reference numerals 602 
and 621 are latch circuits, 603 is a charge pump circuit, 
604, 641 , and 651 are variable delay circuits, and 661 is 
a delay amount memory circuit. Here, the output of the 
latch circuit 602 is supplied to the charge pump circuit 
603 via two stages of inverters. 

As shown in Figure 34, in the signal transmission 
system of the ninth embodiment, as in the foregoing 
eighth embodiment, the clock elk is sent from the trans- 
mitting end together with the data DD1 (DD1 to DDn). 
This clock elk is latched by the input latch (latch) 602 
identical in configuration to other data receiving latches; 
here, an internal clock clki passed through the variable 
delay circuit 604 is used as the strobe signal to latch the 
clock elk in the latch 602. That is, the clock used to drive 
the latch 602 is obtained by passing the reference clock 
(internal clock clki) at the receiving end through a varia- 
ble delay stage (the variable delay circuit 604). 

In the above configuration, if a delay is given to the 
internal clock clki by issuing a signal to increase the 
delay (Down: DN) when the output of the input latch 602 
is "0" (low level "L") and a signal to decrease the delay 
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(up: UP) when the output is "1" (high level "H"), the tim- 
ing with which to latch the clock elk can be locked onto 
the rising of the internal clock clki. Then, using the 
UP/DN signal, the charge pump circuit 603 is operated, 

5 and a delay control signal DCS from the charge pump 
circuit 603 is supplied to the variable delay circuit 604 to 
control the delay. Further, the delay control signal DCS 
is also supplied to the variable delay circuit 641 to like- 
wise control the clock timing of the input latch 621 for 

w another data line in a variable manner; in this way, the 
jitter component simultaneously impressed on the clock 
cik and data DD1 can be eliminated, as in the foregoing 
eighth embodiment, preventing an ill effect from being 
caused to the output. In addition to the advantage of the 

15 foregoing eighth embodiment, the signal transmission 
system of the ninth embodiment has the advantages 
that the noise superimposed on the clock elk can be 
eliminated, and that there is no need to make special 
provision to match the phase shift at the clock receiving 

20 system with the phase at the data receiving system, 
since exactly the same laches 602 and 621 can be used 
for the reception of the clock elk and the data DDI (DDI 
to DDn). 

Figure 35 is a block circuit diagram showing in 
25 schematic form a modified example of the signal trans- 
mission system of Figure 34. 

As can be seen from the comparison between Fig- 
ures 34 and 35, in the modified example, the variable 
delay circuit (641), provided for each data DD1 (DD1 to 
30 DDn), for delaying the internal clock clki is removed, and 
the output of the variable delay circuit 604 supplied as 
the strobe signal to the clock latch 602 is also supplied 
to the variable delay circuit 651 provided for each data 
DDL 

35 Figure 36 is a block circuit diagram showing in 

schematic form a 10th embodiment of the signal trans- 
mission system according to the second aspect of the 
present invention. This embodiment is applicable, for 
example, to a coding scheme, such as 8B/10B. where 

40 the existence of a clock component in a data sequence 
is guaranteed. In Figure 36, reference numerals 671 to 
673 are latch circuits. 

As shown in Figure 36, in the signal transmission 
system of the 10th embodiment, a signal carrying data 

45 and clock coded using, for example, 8B/10B code is 
latched by the three latches 671 , 672, and 673. That is. 
a strobe signal (internal clock) <|>02 is supplied to the 
latches 671 and 672, and a strobe signal (internal clock) 
4>01 to the latch 673. Here, the strobe signals <t>01 and 

so <[>02 are 180 degrees out of phase with respect to each 
other. 

Figure 37 is a timing diagram for explaining one 
example of operation in the signal transmission system 
of Figure 36, and Figure 38 is a diagram showing the 
55 relationship between the internal clock state and the 
output of each latch in the signal transmission system of 
Figure 36. 

As shown in Figure 37, the strobe signals <J>01 and 
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$02 are shifted in phase by 180 degrees with respect to 
each other; for example, when the rise timing of the 
strobe signal $01 occurs in the transient region (DT) of 
data (for example, a signal coded by 8B/10B code), the 
rise timing of the strobe signal $02 occurs near the 
center of the period during which the data is valid. Here, 
since the latches 671 and 672 are supplied with the 
strobe signal $02, the data DB currently being received, 
for example, is the output of the latch 671 and the data 
DA immediately preceding the data DB is the output of 
the latch 672. That is, if the output of the latch 673 that 
latched the data by the strobe signal $01 coincides with 
the transient region (a data window boundary) DT of the 
data, the data can be output correctly by the latch 671 
that latched the data by the strobe signal $02 which is 
shifted in phase by 180 degrees with respect to the 
strobe signal $01. 

Figure 38 shows the relationship of the output of the 
latch 671 (current data DB), the output of the latch 672 
(immediately preceding data DA), and the output of the 
latch 673 (transient region data DT), relative to the inter- 
nal clocks (strobe signals $01 and $02). That is, when 
DA, DT, DB are "0, 0, 1" or "1, 1, 0", this indicates that 
the internal clock ($01 , $02) is advanced, in which case 
the internal clock ($01, $02) is delayed using, for exam- 
ple, the signal DN. On the other hand, when DA, DT, DB 
are "0, 1, 1" or "1, 0, 0", this indicates that the internal 
clock ($01, $02) is delayed, in which case the internal 
clock ($01 , $02) is advanced using, for example, the sig- 
nal UP. Here, the internal clock adjustment using the 
signal UP or DN can be accomplished using the charge 
pump circuit and variable delay circuit, or other known 
circuits. 

In the signal transmission system of the 10th 
embodiment, a special period (calibration mode) is pro- 
vided to adjust the latch timing for normal data; if the 
data is coded using 8B/10B code, for example, and the 
existence of a clock component in the data sequence is 
thus guaranteed, the adjustment work can be per- 
formed at all times during data reception (data transmis- 
sion mode). 

Figure 39 is a timing diagram for explaining an 1 1th 
embodiment of the signal transmission system accord- 
ing to the second aspect of the present invention. The 
signal transmission system of the 11th embodiment 
employs, for example, a configuration similar to that of 
the eighth embodiment shown in Figure 33, and trans- 
mits from the transmitting end phase-adjusting data 
DDP (a bit sequence of 0101...) 180 degrees out of 
phase with respect to normal data and, at the receiving 
end, the clock elk is synchronized to the phase-adjust- 
ing data DDP. For example, the amount of delay in the 
variable delay circuit is controlled so that the rise and fall 
timings of the clock elk each coincide with a data win- 
dow boundary. Figure 39 shows the case of DDR (Dou- 
ble Data Rate), that is, an example of the case where 
data are latched at both the rise and fall timings of the 
clock elk. It will be appreciated that in other embodi- 
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ments of the signal transmission system of the present 
invention, DDR can be applied so that data can be 
latched at both the rise and fall timings of the clock. 
After the clock elk has been synchronized to the 

5 phase-adjusting data DDP, actual data DD (DD1 to 
DDn) is transmitted. Since the actual data is shifted in 
phase by 1 80 degrees with respect to the phase-adjust- 
ing data DDP, the rise and fall timings of the clock elk 
synchronized to the phase-adjusting data DDP occur at 

10 the center of the data window (the center of the period 
during which the data is valid). 

Since there is no need to provide a circuit, etc. at 
the receiving end for shifting the clock phase by 180 
degrees, the signal transmission system of the 11th 

15 embodiment can simplify the receiver circuit, and can 
reduce, for example, the power consumption at the 
receiving end. 

Figures 40 and 41 are block circuit diagrams show- 
ing a 12th embodiment of the signal transmission sys- 

20 tern according to the second aspect of the present 
invention. In Figures 40 and 41, reference numeral 680 
is a DLL (Delay Locked Loop) circuit, 681 is a latch block 
for the clock elk, 682 is a control signal generating cir- 
cuit, 683 is an up-down counter (UDC), 684 is a phase 

25 interpolator (PIP), and 685 is a clock generating circuit 
(CLKGE). Further, reference numerals 681 1 to 681 n are 
latch blocks for the data DDI to DDn, respectively, 6841 
to 684n are phase interpolators (PIP), 6861 to 686n are 
adder circuits, 6871 to 687n are initial value setting cir- 

30 cuits for the respective data lines (521 to 52n), 6881 to 
688n are retiming circuits, and 6891 to 689n are deskew 
and serial-to-parallel conversion circuits (DSKW & 
SPC). 

As shown in Figures 40 and 41 , in the signal trans- 
35 mission system of the 12th embodiment, the clock elk 
transmitted over the clock signal line 502 is latched by 
the clock latch block 681. The clock latch block 681 
comprises two latch circuits 681a and 681b which are 
supplied with the clock elk and operate in interleaving 
40 fashion. The latch circuits 681a and 681b are each con- 
figured to latch the clock elk at prescribed timing by a 
signal (strobe signal) from the phase interpolator 684. 

The control signal generating circuit 682 outputs an 
up signal UP and down signal DN to the up-down coun- 
ts ter 683 in accordance with the outputs of the latch cir- 
cuits 681a and 681b, and the up-down counter 683 
counts the up signal UP and down signal DN for feed- 
back control of the phase interpolator 684, thereby con- 
trolling the timing of the strobe signals to the latch 
so circuits 681a and 681b. The output of the up-down 
counter 683 is also supplied to the phase interpolators 
6841 to 684n for the respective data DD1 to DDn, to 
control the latch timing at the latch circuits 6811a, 
6811b to 681 na, 681 nb in the respective latch blocks 
55 6811 to 681 n. 

Here, the initial value setting circuits 6871 to 687n, 
provided for the respective data lines 521 to 52n, per- 
form a phase adjusting test as a calibration mode, for 
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example, when power is turned on, and store delay 
amounts for the respective signal lines; then, their initial 
values and the output of the up-down counter 683 are 
added together by the respective adder circuits 6861 to 
686n, and the results are supplied to the respective 
phase interpolators 6841 to 684n which absorb phase 
variations between the respective signal lines at the ini- 
tial condition to ensure that the data are latched cor- 
rectly in the normal data transmission mode. Further, a 
master clock (receiving clock) clkm is processed by the 
DLL circuit 680, and a four-phase clock obtained by 
dividing the frequency f of the clock clkm by 8 is sup- 
plied to each of the phase interpolators 684 and 6841 to 
684n. The signal supplied from the up-down counter 
683 to the phase interpolators 684 and 6841 to 684n 
and the initial values stored in the initial value setting cir- 
cuits 6871 to 687n are, for example, 6-bit signals. The 
up-down counter 683 here corresponds, for example, to 
the charge pump 603 in the ninth embodiment shown in 
Figure 34. However, while the charge pump 603 in the 
ninth embodiment processes the phase information of 
the clock in an analog manner, the up-down counter 683 
in the 12th embodiment differs in that the clock phase 
information is processed as a digital value. 

The outputs of the phase interpolator 684 are sup- 
plied to the retiming circuits 6881 to 688n as well as to 
the clock generating circuit 685 which generates a clock 
clkc for logic circuitry. The retiming circuit 6881 (6881 to 
688n) comprises three latch circuits 6881a, 6881b. and 
6881c; the same strobe signal as supplied to the latch 
circuit 681a in the clock latch block 681 is supplied to 
the latch circuit 6881a, while the same strobe signal as 
supplied to the latch circuit 681b in the clock latch block 
681 is supplied to the latch circuits 6881b and 6881c. 

"From the retiming circuits 6881 to 688n, signals 
changing with the same timing, such as the data DD1 to 
DDn shown, for example, in Figure 24, are obtained. 
However, as previously explained with reference to Fig- 
ure 24, there is a possibility that a one-bit or a longer- 
than-one-bit delay may exist between these data DD1 to 
DDn. To address this, the outputs of the retiming circuits 
6881 to 688n are supplied to the deskew and serial-to- 
parallel conversion circuits (DSKW & SPC) 6891 to 
689n where processing is performed so that the output 
timing of all data is adjusted to match the timing of the 
data having the greatest delay. Further, the deskew and 
serial-to-parallel conversion circuits 6891 to 689n per- 
form serial-to-parallel conversion of data, thereby lower- 
ing the operating frequency in the logic circuits (the 
receiving circuit). 

In this way, according to the signal transmission 
system of the 12th embodiment, since the distribution of 
the clock phase information is performed using digital 
signals, there is no concern of the occurrence of jitter 
during the transmission process, and stable transmis- 
sion and reception of multi-bit signals can thus be 
achieved. 

As described above, according to the embodiments 



of the second aspect of the present invention, signals 
can be received correctly, for example, even when there 
exists a skew many times greater than the data period, 
and furthermore, since signal latch timing is optimized 

5 for each data line, high-speed, error-free signal trans- 
mission can be achieved. 

As described in detail above, according to the sig- 
nal transmission system of the second aspect of the 
present invention, large-capacity, error-free signal trans- 
it mission can be performed at high speed without being 
affected by skew. 

Next, a description will be given of a timing signal 
generating circuit according to a third aspect of the 
present invention, but before that, one example of a 

75 prior art timing signal generating circuit will be 
described with reference to Figure 42. 

Figure 42 is a block diagram showing one example 
of a prior art timing signal generating circuit which uses 
a DLL circuit. In Figure 42, reference numeral 100 is the 

20 DLL circuit, 111 is a variable delay line, 112 is a phase 
comparator circuit, 1 13 is a control signal generating cir- 
cuit, 114 is a drive circuit (clock driver), 102 is a delay 
circuit, and 103 is a receiver circuit. 

The DLL circuit 100 comprises the variable delay 

25 line 111, phase comparator circuit 112, and control sig- 
nal generating circuit 113. Reference clock CKr and the 
output of the clock driver 1 1 4 (internal clock CKin) are 
supplied as inputs to the phase comparator circuit 112, 
and the amount of delay (the number of stages of delay 

30 units D) in the variable delay line 111 is controlled in 
such a manner as to minimize the phase difference 
between the clocks CKr and CKin. More specifically, the 
phase comparator circuit 1 12 supplies an up signal UP 
or down signal DN to the control signal generating cir- 

35 cuit 113 depending on the phase difference between 
the reference clock CKr and the internal clock CKin, and 
the control signal generating circuit 113 controls the 
amount of delay in the variable delay line 11 1 by issuing 
a control signal (a signal for selecting the number of 

40 stages of the delay units D) CS in accordance with the 
up signal UP or down signal DN. In this way, the internal 
clock CKin, phase-synchronized to the reference clock 
CKr, is generated. 

The output of the clock driver 1 1 4 is supplied as the 

45 internal clock CKin of the LSI chip (semiconductor inte- 
grated circuit device); the internal clock CKin is supplied 
via the delay circuit (with an appropriate number of 
delay stages) 102 and used, for example, as a timing 
signal TS in the receiver circuit 1 03. That is, the receiver 

so circuit 103 latches, for example, a transmitted signal SS 
by the internal clock CKin supplied via the delay Circuit 
102. Here, the delay circuit 102 is provided to generate 
the timing signal TS by adjusting the timing of the inter- 
nal clock CKin that has been delayed due to the drive 

55 capability of the clock driver 114, the load capacitance 
of the signal line, etc. 

In the above-described prior art timing signal' gen- 
erating circuit using the DLL circuit shown in Figure 42, 
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or a timing signal generating circuit having a similar con- 
figuration but using a PLL circuit instead of the DLL cir- 
cuit, the internal clock CKin phase-synchronized to the 
reference clock CKr can be generated, but when using 
the internal clock CKin, for example, for high-speed sig- 
nal transmission between LSI chips, there are problems 
yet to be solved. 

First, for signal transmission between LSI chips (or 
between electronic apparatuses), multi-bit transmission 
is often employed that uses a plurality of signal lines in 
order to obtain the necessary signal transmission band- 
width, but in that case, optimum receiving timing differs 
for each bit because of variations of the delay character- 
istics of the respective signal lines, etc. To address this, 
a plurality of DLL circuits, for example, are provided to 
adjust the timing for the respective bits, but this involves 
the problem that the circuit size becomes excessively 
large. 

Further, even in the case of one-bit wide transmis- 
sion, the optimum receiving timing at the receiver circuit 
is usually different from the rise timing or fall timing of 
the reference clock CKr, which therefore requires creat- 
ing a receiving clock by passing the reference clock CKr 
through a delay stage. However, even if the internal 
clock CKin independent of variations of device charac- 
teristics is created by going to the trouble of using a DLL 
circuit or PLL circuit, since a delay that has no relevance 
to the cycle of the reference clock CKr is caused by the 
delay stage, there arises the problem that signal recep- 
tion at optimum timing is rendered impossible if the 
clock frequency varies. 

First, the basic functional configuration of the timing 
signal generating circuit according to the third aspect of 
the present invention will be described with reference to 
Figure 43. 

Figure 43 is a block diagram showing the basic 
functional configuration of the timing signal generating 
circuit according to the present invention. In Figure 43, 
reference numeral 301 is a master circuit, 302 are slave 
circuits, 310 is a DLL circuit, 31 1 is a variable delay line, 
31 2 is a phase comparator circuit, 31 3 is a control signal 
generating circuit, and 314 is a drive circuit (clock 
driver). 

As shown in Figure 43, the timing signal generating 
circuit according to the third aspect of the present inven- 
tion comprises the master circuit 301 and the plurality of 
slave circuits 302. The master circuit 301 is similar in 
configuration to the prior art signal generating circuit 
shown in Figure 42, and comprises the DLL circuit 310 
and the clock driver 314. The master circuit 301, how- 
ever, is not limited to the configuration using the DLL cir- 
cuit, but a configuration using, for example, a PLL circuit 
is also applicable. 

The DLL circuit 310 comprises the variable delay 
line 311, phase comparator circuit 312, and control sig- 
nal generating circuit 313. The reference clock CKr and 
the output of the clock driver 314 (internal clock CKin) 
are supplied as inputs to the phase comparator circuit 



312 which compares the phase of the clock CKin w'ith 
the phase of the clock CKr. Based on the result of the 
phase comparison, the control signal generating circuit 

313 generates a control signal (voltage or current of 
5 analog value) CS. Using the control signal CS from the 

control signal generating circuit 313, the delay amount 
in the variable delay line 311 is controlled, and eventu- 
ally the phase difference between the reference clock 
CKr and the internal clock CKin is minimized. Here, the 
io output (CKin) of the clock driver 314 is not only fed back 
to the phase comparator circuit 31 2 but also supplied to 
the slave circuits 302 to which is also supplied the con- 
trol signal CS from the control signal generating circuit 
313. 

75 As shown in Figure 43, in the timing signal generat- 
ing circuit according to the third aspect of the present 
invention, the control signal (the output signal of the 
control signal generating circuit 313) used in the master 
circuit 301 is also used to control the plurality of slave 

20 circuits 302. That is, the control signal CS used to con- 
trol the amount of delay in the variable delay line 31 1 of 
the DLL circuit 310 in the master circuit 301 is also used 
in each slave circuit 302 so that a delay proportional to 
the cycle of the reference clock CKr can be provided by 

25 using delay elements substantially the same as the 
delay elements (delay units D) used in the variable 
delay line 311. 

As a result, each slave circuit 302 can also gener- 
ate a timing signal (TS) having a delay amount based on 

30 the cycle of the reference clock CKr (that is, having a 
predetermined phase difference relative to the refer- 
ence clock). Further, by using the control signal CS gen- 
erated in the master circuit 301 also in the slave circuits 
302, the response frequency characteristics of the slave 

35 circuits 302 can be controlled in accordance with the 
frequency of the reference clock CKr. Stated specifi- 
cally, the characteristic frequency (for example, the cut- 
off frequency) of a filter circuit used in each slave circuit 
302, for example, can be made proportional to the fre- 

40 quency of the reference clock CKr. Utilizing this feature, 
each slave circuit 302 can generate, for example, a sine 
wave of constant amplitude by filtering a square-wave 
clock of CMOS amplitude. 

In this way, according to the timing signal generat- 
es ing circuit of the third aspect of the present invention, 
the timing signal synchronized to the reference clock 
CKr can be generated in each slave circuit 302 that is 
much simpler in configuration than the master circuit 
301. Furthermore, by varying the response speed of the 

so slave circuit 302 in accordance with the frequency of the 
reference clock CKr, a highly accurate timing signal TS 
can be generated over a wide frequency range. 

Embodiments of the timing signal generating circuit 
according to the third aspect of the present invention will 

55 be described below with reference to accompanying 
drawings. 

Figure 44 is a block diagram showing the configura- 
tion of the timing signal generating circuit as a first 
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embodiment according to the third aspect of the present 
invention. 

As shown in Figure 44, the variable delay line 31 1 is 
constructed from a plurality of delay units D, and the 
amount of delay in the variable delay line 31 1 is control- s 
led by selecting the necessary number of delay units D 
in the variable delay line 31 1 by using the control signal 
CS. The control signal generating circuit 313 consists of 
a charge pump circuit 131 and a buffer amplifier 132, 
and. generates the control signal CS in response to the io 
up*signal UP or down signal DN that is output from the 
phase comparator circuit 312 in accordance with the 
phase difference between the reference clock CKr and 
the internal clock CKin. 

Further, as shown in Figure 44, the slave circuit 302 is 
includes a variable delay line 321 constructed from a 
plurality of delay units D which are identical to the delay 
units D constituting the variable delay line 311 in the 
master circuit 301 , and the internal clock CKin, the out- 
put of the clock driver 314 in the master circuit 301, is 20 
supplied as an input to the variable delay line 321 in the' 
slave circuit 302. The slave circuit 302 is used to gener- 
ate a timing signal (TS) having, for example, a predeter- 
mined delay relative to the clock cycle. 

The amount of delay (the number of stages of delay 25 
units D) in the variable delay line 321 in the slave circuit 
302 is controlled by the control signal CS output from 
the control signal generating circuit 313 (the buffer 
amplifier 132) in the master circuit 301. In this way, the 
delay units D identical to those used in the variable 30 
delay line 311 in the master circuit 301 are used in the 
slave circuit 302 so that a plurality of timing signals 
(TS1, TS2, ...), each having a delay amount propor- 
tional to the cycle of the reference clock CKr, can be 
generated. These timing signals, TS1, TS2, have 35 
predetermined delay amounts relative to the reference 
clock CKr, their timings being delayed, for example, by 
1/m, 2/m, ... cycles relative to the reference clock CKr. 
Further, more than one slave circuit 302 can be pro- 
vided for one master circuit 301 , in which case the vari- 40 
able delay line 321 in each slave circuit 302 can be 
constructed with a smaller amount of circuitry than the 
variable delay line 31 1 in the master circuit 301, that is, 
with fewer delay units D. 

In the above configuration, the master circuit 301 as 
and the plurality of slave circuits 302 can be formed 
within a single semiconductor integrated circuit device 
(LSI chip), but instead, the master circuit 301 and the 
plurality of slave circuits 302, respectively, may be con- 
structed on different semiconductor integrated circuit so 
devices. That is, the timing signal generating circuit can 
be applied to a semiconductor integrated circuit system 
having a plurality of semiconductor integrated circuit 
devices. 

Figure 45 is a circuit diagram showing one example ss 
of each delay unit D used in the variable delay lines in 
the timing signal generating circuit of Figure 44. The cir- 
cuit example of the delay unit D shown in Figure 45 is 
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applicable to both the delay units used in the variable 
delay line 311 in the master circuit 301 and the delay 
units used in the variable delay line 321 in the slave cir- 
cuit 302. 

As shown in Figure 45, each delay unit D com- 
prises: a CMOS inverter Dl consisting of a p-channel 
MOS (pMOS) transistor and n-channel MOS (nMOS) 
transistor provided between a high-level voltage supply 
line (Vcc) and a low-level voltage supply line (Vss); and 
an nMOS transistor DT and capacitor DC provided 
between the output of the CMOS inverter Dl and the 
low-level voltage supply line (Vss). The variable delay 
line 311 (321) is constructed from a plurality of such 
delay units D connected in cascade. The delay unit D 
shown in Figure 45 is configured so that a control volt- 
age Vcs (control signal CS) is applied to the gate of the 
transistor DT, but the delay unit D is not limited to this 
particular configuration; rather, various other configura- 
tions are possible. For example, a transistor operating in 
constant current mode may be added on the source 
side of each of the transistors (pMOS and nMOS) form- 
ing the CMOS inverter Dl, as shown in Figure 49 
described later, in which case the delay can be control- 
led using control voltages Vcn and Vcp applied to these 
additional transistors. Further, to avoid logic inversion, 
two delay units D may be combined into one unit (one 
stage). 

Figure 46 is a block circuit diagram showing one 
example of the phase comparator circuit 312 in the tim- 
ing signal generating circuit of Figure 44, and Figure 47 
is a timing diagram for explaining the operation of the 
phase comparator circuit of Figure 46. 

As shown in Figure 46, the phase comparator cir- 
cuit 312 compares the phase of the internal clock CKin 
with the phase of the reference clock CKr, and outputs 
an up signal (/UP) or down signal (/DN) in accordance 
with the phase difference between the clock signals; 
here, the negative logic up signal (/UP) and down signal 
(/DN) are generated by dividing the frequency of the ref- 
erence clock CKr and internal clock CKin by two, and by 
performing logic operations on the resulting reference 
clock CKr' and internal clock CKin' whose clock cycle is 
two times the original clock cycle. 

More specifically, when the low level "L" to high 
level "IT transition timing of the divided-by-two internal 
clock CKin* is advanced with respect to the low level "L" 
to high level "H" transition timing of the divided-by-two 
reference clock CKr', as shown in Figure 47, the up sig- 
nal /UP of low level "L" is output; conversely, when it is 
delayed with respect to the low level "L" to high level "H" 
transition timing of the divided-by-two reference clock 
CKr', the down signal /DN of low level "L" is output. 

Figure 48 is a circuit diagram showing one example 
of the charge pump circuit 131 in the timing signal gen- 
erating circuit of Figure 44. 

As shown in Figure 48, the charge pump circuit 131 
is provided between the high-level voltage supply line 
(Vcc) and low-level voltage supply line (Vss), and com- 
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prises a pMOS transistor, which is supplied at its gate 
with the up signal (inverted logic up signal) /UP, and an 
nMOS transistor, which is supplied at its gate with the 
down signal DN. That is, when the up signal /UP of low 
level "L" is applied, the potential of the output level Vco 
rises, and when the down signal DN of high level TT is 
applied (when /DN is at the low level "L"), the potential 
of the output level Vco lowers. 

The output Vco of the charge pump circuit 131 is 
applied, via the buffer amplifier 132, as the control volt- 
age Vcs (control signal CS) to the transistor DT in each 
delay unit D of Figure 45. When the control voltage Vcs 
rises, the load capacitance at the output of each CMOS 
inverter Dl increases, increasing the delay amount in 
the variable delay line 31 1 (321) and thus delaying the 
phase of the internal clock CKin. Conversely, when the 
control voltage Vcs lowers, the load capacitance at the 
output of each CMOS inverter Dl decreases, decreas- 
ing the delay amount in the variable delay line 311 (321) 
and thus advancing the phase of the internal clock 
CKin. 

Figure 49 is a circuit diagram showing another 
example of each delay unit D used in the variable delay 
lines in the timing signal generating circuit of Figure 44. 

As shown in Figure 49, in the delay unit D, a transis- 
tor operating in a constant current mode is added on the 
source side of each of the transistors (pMOS and 
nMOS) forming the CMOS inverter Dl, and the delay is 
controlled using control voltages Vcn and Vcp applied to 
these additional transistors. More specifically, a pMOS 
transistor DTp is provided between the high-level volt- 
age supply line (Vcc) and the source of the pMOS tran- 
sistor of the CMOS inverter Dl, and an nMOS transistor 
DTn is provided between the low-level voltage supply 
line (Vss) and the source of the nMOS transistor of the 
CMOS inverter Dl. The control voltage Vcp is applied to 
the gate of the transistor DTp, and the control voltage 
Vcn to the gate of the transistor DTn. The delay unit D 
shown in Figure 49 has the advantage of being able to 
vary the delay amount over a wide range with one delay 
unit. As previously described, two delay units D may be 
combined into one unit (one stage) to avoid logic inver- 
sion. 

Figure 50 is a block circuit diagram showing the 
configuration of the control signal generating circuit 313 
in the timing signal generating circuit as a second 
embodiment according to the third aspect of the present 
invention, and Figure 51 is a circuit diagram showing 
one example of a current-to-voltage conversion circuit 
1 33 for converting the output of the control signal gener- 
ating circuit 313 of Figure 50. 

As shown in Figure 50, the control signal generat- 
ing circuit 313 comprises the charge pump circuit 131 
and a plurality of pMOS transistors 1321 and 1322 in a 
current mirror configuration. The sources of the pMOS 
transistors 1321 and 1322 are connected to the high- 
level voltage supply line (Vcc), and their gates are cou- 
pled to the output of the charge pump circuit 131. Con- 
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trol signals CS to the master circuit 301 and the slave 
circuit 302 are output from the drains of the respective 
pMOS transistors 1321 and 1 322. That is, in the second 
embodiment, current signals are used for the delivery of 

s the control signals CS to the master circuit 301 and the 
slave circuit 302. As for the pMOS transistor 1322 for 
the slave circuit, a plurality of such transistors can be 
provided corresponding, for example, to the number of 
slave circuits 302. 

io Then, as shown in Figure 51, in the master circuit 
301 and in each slave circuit 302, the control signal 
(current signal) CS from the control signal generating 
circuit 313 (from the pMOS transistor 1321 or 1322) is 
converted by the current-to-voltage conversion circuit 

15 133 into the control voltages Vcn and Vcp. These con- 
trol voltages Vcn and Vcp are applied, for example, to 
the gates of the respective transistors DTn and DTp in 
the delay unit shown in Figure 49. In the case of the 
delay unit shown in Figure 45, the control voltage Vcn is 

20 used as the control voltage Vcs. The current-to-voltage 
conversion circuit 133 shown here consists of NMOS 
transistors 1331 and 1333 and a pMOS transistor 1332, 
but the configuration is not limited to this particular 
example. 

25 By delivering the control signals CS as current sig- 
nals, the second embodiment has the advantage that 
the control signals CS can be transmitted without any 
problem despite variations in transistor threshold volt- 
age that occur, for example, when the master circuit 301 

30 and the slave circuit 302 are located farther away from 
each other within a chip. 

Figure 52 is a block diagram showing the configura- 
tion of an essential portion of the timing signal generat- 
ing circuit as a third embodiment according to the third 

35 aspect of the present invention, and Figure 53 is a block 
circuit diagram showing one example of a D/A converter 
for performing a digital-to-analog conversion (D/A con- 
version) of the outputs of the up-down counter shown in 
Figure 52. 

40 As can be seen from the comparison between Fig- 
ure 52 and Figure 44, the third embodiment uses the 
up-down counter 134 instead of the charge pump circuit 
131 in the first embodiment. More specifically, the up- 
down counter 134 counts the up signal UP and down 

45 signal DN supplied from the phase comparator circuit 
312, and supplies, for example, a 6-bit count signal bO- 
b5 to the D/A converter 135 shown in Figure 53. 

The D/A converter 135 is a current-matrix cell type 
D/A converter, and outputs the control signal CS, for 

50 example, by converting the 6-bit count signal b0-b5 out- 
put from the up-down counter 134 into an analog signal. 

Figure 54 is a circuit diagram showing a configura- 
tional example of each current matrix cell (U) in the D/A 
converter 135 shown in Figure 53. 

55 As shown in Figure 54, each current matrix cell U 
comprises an AND gate UA, an OR gate UO, and two 
nMOS transistors UT1 and UT2; many such cells U are 
arranged in a matrix array to form a current matrix block 
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1350, and count signals (b2, b3; b4, b5) are supplied to 
the current matrix cells U via decoders 1351 and 1352. 
The high-order count signals bO and b1 are supplied to 
the gates of nMOS transistors (1353 and 1355) in two 
transistor-pairs (1353, 1354; 1355, 1356) each consist- 
ing of two nMOS transistors connected in series 
between the output terminal and the low-level voltage 
supply line (Vss). The control voltage Vc is applied to 
the gates of the other transistors (1354 and 1356) in the 
respective transistor pairs. This control voltage Vc is 
also applied to the gate of the transistor UT2 in each 
current matrix cell U. 

l , By using a combination of the up-down counter 134 
and-D/A converter 135, the third embodiment shown in 
Figures 52 to 54 has the advantages that the design of 
a loop filter is facilitated, and that even when the phase 
comparison operation of the loop using the DLL circuit is 
completely stopped, the delay amount can be main- 
tained at a constant level and power consumption can 
thus be reduced. 

Figure 55 is a block diagram showing the configura- 
tion of the timing signal generating circuit applicable to 
the slave circuit, as a fourth embodiment according to 
the third aspect of the present invention, and Figure 56 
is a circuit diagram showing one example of a phase 
interpolator 136 in Figure 55. 

As shown in Figure 55, in the fourth embodiment, 
an input clock (in2) and a signal (inl) delayed by one 
stage relative to the input clock are supplied to the 
phase interpolator 136 which then generates the timing 
signal TS in the slave circuit 302. 

vAs shown in Figure 56, the phase interpolator 136 
takes a weighted sum of the two inputs (inl and in2) by 
varying the bias currents of input transistors (tail cur- 
rent) of a pair of differential amplifier stages 1361 and 
1362, and supplies signals S1 and S2 from the two dif- 
ferential amplifier stages 1361 and 1362 to a compara- 
tor 1 363 to obtain an output (timing signal TS) having an 
intermediate phase between the phases of the two sig- 
nals S1 and S2. Weighting of the inputs inl and in2 in 
the differential amplifier stages 1361 and 1362 can be 
accomplished, for example, by applying a control code 

(C01, C02 COn; C1 1, C12 Cm) to one transistor 

(1364) in each transistor pair consisting of two nMOS 
transistors connected in series and a control voltage 
(Vcs) to the gate of the other transistor (1365) in each 
pair. Using the phase interpolator 136 of such configu- 
ration offers the advantage of being able to adjust the 
timing of the output signal (timing signal TS) with a res- 
olution higher than that of one delay unit stage. Highly 
accurate timing adjustments can thus be achieved. 

Figure 57 is a circuit diagram showing another 
example of the phase interpolator 136 as a fifth embod- 
iment according to the third aspect of the present inven- 
tion. 

The phase interpolator 136 shown in Figure 57 
comprises two voltage-to-current conversion circuits 
136a and 136b each of which includes pMOS transis- 



tors 61 and 63 and nMOS transistors 62 and 64. The 
voltage-to-current conversion circuits 136a and 136b 
convert the voltage inputs inl and in2 into current out- 
puts. The number of output transistors (65 and 66) in 

5 each voltage-to-current conversion circuit is controlled 
by switch means 67 using an external signal, thus vary- 
ing the conversion factor of the voltage-to-current con- 
version. The converted currents are summed, and the 
results are supplied to the comparator to obtain the tim- 

w ing signal (TS). 

Figure 58 is a circuit diagram showing the configu- 
ration of the timing signal generating circuit (phase 
interpolator 1 36) used to perform a simulation of the fifth 
embodiment according to the third aspect of the present 

is invention, and Figure 59 is a diagram showing simula- 
tion results (SPICE simulation results) for the timing sig- 
nal generating circuit of Figure 58. 

As shown in Figure 58, the phase interpolator 136 
comprises the voltage-to-current conversion circuits 

20 1 36a and 1 36b which respectively convert the input sig- 
nals (voltage signals) inl and in2 into current signals. 
Here, a delay unit D (the same delay unit as used in the 
variable delay line 311: See Figure 45 or 49) is inserted 
at the input of each of the voltage-to-current conversion 

25 circuits 136a and 136b, and signals inl* and in2*, 
obtained by moderating the change of the input signals 
inl and in2 through the respective delay units D, are 
supplied to the voltage-to-current conversion circuits 
136a and 136b, respectively. Reference characters W 0 

30 to W 7 (/W 0 to /W 7 ) in Figure 58 are the external signals 
used to control the switching of the transfer gates 
(switch means) 67; using these external signals W 0 to 
W7 (/W 0 to /W 7 ), the transfer gates are opened or 
closed to control the number of output transistors (65 

35 and 66) in the voitage-to-current conversion circuit 1 36a 
(136b). In this way, the timing of the output (Out) can be 
changed as shown in Figure 59. More specifically, by 
varying the conversion factor of the voltage-to-current 
conversion circuits 136a and 136b, the weights to be 

40 assigned to the two input signals inl and in2 are varied, 
thereby implementing the operation of the phase inter- 
polator 136. The phase interpolator of the fifth embodi- 
ment has the advantage of allowing further lower 
voltage operation because it does not use current-mir- 

45 ror deferential amplifier stages as in the fourth embodi- 
ment shown in Fig. 56. 

Figure 60 is a block diagram showing the configura- 
tion of the timing signal generating circuit as a sixth 
embodiment according to the third aspect of the present 

so invention. 

As shown in Figure 60, in the sixth embodiment, a 
DLL circuit is formed using the master circuit 301 and 
slave circuit 302; more specifically, a coarse delay con- 
trol block for performing coarse delay control and a fine 

55 delay control block for performing fine delay control are 
provided in the master circuit 301, and a circuit corre- 
sponding to the fine delay control block in the master cir- 
cuit 301 is included in the slave circuit 302. 
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The coarse delay control block in the master circuit 
301 comprises a delay line 31 1 , a phase comparator cir- 
cuit 312a, an up-down counter 134a, a D/A converter 
135, and a selector 315, and the fine delay control block 
in the master circuit 301 comprises a phase interpolator 
136 and two delay units D for delaying the output of the 
coarse delay control block (the selector 315), for exam- 
ple, by one and two delay stages and for supplying the 
delayed outputs to the phase interpolator 1 36. Here, the 
reference clock CKr and the output of the final delay 
stage in the delay line 31 1 consisting, for example, of m 
delay units D are supplied as inputs to the phase com- 
parator circuit 312a; further, an output (current control 
signal) from the D/A converter 135 is supplied to the 
delay line 31 1 , which outputs to the selector 315 a tim- 
ing signal whose phase is equally divided according to 
the number of stages of the delay units D. The selector 
315 and the phase interpolator 136 are also supplied 
with a control signal generated by a phase comparator 
circuit 312b and up-down counter 134b. That is. the 
coarse delay control block takes taps off the delay line 
31 1 consisting of the plurality of delay units, selects the 
output of each tap using the selector (selecting means) 
315, and supplies the output signal to each fine delay 
control block. 

As shown in Figure 60, each slave circuit 302 
includes a fine delay control block which, like the fine 
delay control block in the master circuit 301, comprises 
a phase interpolator 236 and two delay units D for 
delaying the output of the coarse delay control block 
(the selector 315) in the master circuit 301 by one and 
two delay stages and for supplying the delayed outputs 
to the phase interpolator 236. Here, the configuration of 
the delay units D in the fine delay control block can be 
modified in various ways. 

As shown in Figure 60, in the sixth embodiment, the 
coarse delay control block in the master circuit 301 and 
the fine delay control block (in the master circuit 301 or 
in each slave circuit 302) are connected in series, and a 
DLL loop is formed with the coarse delay control block 
itself. Further, with the fine delay control block using a 
phase interpolator (136 or 236). a delay with a resolu- 
tion higher than that of one delay stage (delay unit D) of 
the master circuit 301 is obtained. The delay units used 
for the phase interpolator (136 or 236) in the fine delay 
control block are identical to the delay units D used in 
the delay line 31 1 in the coarse delay control block. Fur- 
ther, the output (current control signal) of the D/A con- 
verter 135 is also supplied to each slave circuit 302. 

In this way, according to the sixth embodiment, a 
delay with a resolution higher than the resolution of the 
delay line 31 1 can be produced using a digital signal, 
and a highly accurate DLL signal can thus be obtained. 
Further, a digitally controlled DLL circuit can be 
achieved that allows the phase comparison operation to 
be stopped for a long period and that can resume oper- 
ation in a short period from sleep mode. There is also 
the advantage that, by arranging a plurality of fine delay 



control blocks (phase interpolators 236) as slave circuits 
302, a plurality of timing signals, each having a delay 
with a resolution higher than the resolution of the delay 
line 311, can be obtained. 
5 Figure 61 is a block diagram showing the configura- 

tion of the timing signal generating circuit as a seventh 
embodiment according to the third aspect of the present 
invention. 

In the seventh embodiment, not only the control sig- 

io nal CS (the output of the control signal generating circuit 
313) but also three-phase internal clocks CK1 to CK3 
(the delayed outputs of the delay line 31 1) are supplied 
from the master circuit 301 to the slave circuit 302. In 
the slave circuit 302, a timing signal (output clock) with 

75 a desired phase is generated by the phase interpolator 
236, based on the three-phase clocks CK1 to CK3 sup- 
plied from the master circuit 301 . 

More specifically, as shown in Figure 61 , the three- 
phase clocks CK1 to CK3 are supplied to a switch block 

20 238 in the slave circuit 302 via delay units D provided, 
for example, to moderate the signal changes. Pre- 
scribed combinations of the three-phase clocks are 
selected by the switch block 238 and supplied to the 
inputs of operational amplifiers 237a and 237b. The out- 

25 puts of the operational amplifiers 237a and 237b are 
supplied to the phase interpolator 236 where the phase 
is divided and a prescribed timing signal is produced for 
output. The seventh embodiment has the advantage 
that a timing signal (output clock) having a desired 

30 phase angle within 360 degrees can be generated in the 
slave circuit 302. 

Figure 62 is a circuit diagram showing the configu- 
ration of a sine wave generating circuit as an eighth 
embodiment according to the third aspect of the present 

35 invention. 

In recent years, use of a sine wave as a clock wave- 
form has been drawing attention because it can reduce 
the power consumption of clock drivers and can also 
eliminate harmonics for reduced clock noise. Using a 

40 sinusoidal clock can reduce the power consumption of 
clock drivers because the clock drivers can be con- 
structed from small-size transistors having small drive 
capabilities (transistors with low power consumption) as 
the output waveform need not be made to rise and fall 

45 steeply (the output need only be made to rise and fall 
gradually). Figure 62 shows one example of the sinusoi- 
dal clock generating circuit applicable, for example, for 
use in the slave circuit 302. 

As shown in Figure 62, by passing the voltages 

so (control voltages) Vcn and Vcp, obtained by the current- 
to-voltage conversion circuit 1 33 as shown in Figure 51 , 
through the delay unit as shown in Figure 49, for exam- 
ple, a CMOS clock (square wave) of full amplitude is 
converted to a triangular wave, and then by passing this 

55 triangular wave through a constant-current driver CD 
having nonlinear input/output characteristics, the trian- 
gular wave is converted to a sine wave (pseudo-sine 
wave). Here, the delay unit D, which operates with the 
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control signal (CS) from the master circuit 301 , is used 
for the portion that produces the triangular wave; since 
the delay in this delay unit D is proportional to the cycle 
of the reference clock (CKr), the amplitude of the trian- 
gular wave is maintained at a constant level regardless 5 
of variations in the reference clock frequency. Accord- 
ingly, the eighth embodiment has the advantage of 
being able to generate the sine wave over a wide fre- 
quency range. 

.:.r Figures 63A to 63C are diagrams showing Simula- 10 
tion results (SPICE simulation results) for the sine wave 
generating circuit of Figure 62: Figure 63 A shows the 
case of an input signal (clock) of 40 MHz, Figure 63B 
the<case of an input signal of 100 MHz, and Figure 63C 
the case of an input signal of 400 MHz. The simulation 15 
was performed by providing at the output of the sine 
wave generating circuit a resistor R having a resistance 
value equal to, for example, one half the characteristic 
impedance of the transmission line. 

As can be seen from Figures 63A to 63C, for each 20 
frequency (40 MHz, 100 MHz, 400 MHz) the sine wave 
generating circuit of Figure 62 can convert an input 
square wave to a substantially sinusoidal waveform. 

Figure 64 is a block diagram showing the configura- 
tion of the timing signal generating circuit as a ninth 25 
embodiment according to the third aspect of the present 
invention, dealing with an example of the timing signal 
generating circuit using a PLL circuit 

In Figure 64, reference numeral 312 is a phase 
comparator circuit, 134 is an up-down counter, 135 is a 30 
D/A converter, and 321 is a voltage-controlled oscillator 
(VCO). The voltage-controlled oscillator 321 is con- 
structed from a ring oscillator formed, for example, by 
cascading three stages of circuits each similar in config- 
uration to the delay unit D shown in Figure 49, and the 35 
control voltages Vcp and Vcn, output from the control 
signal generating circuit (current-to-voltage conversion 
circuit 133), are applied to the gates of the control tran- 
sistors (DTp and DTn) in each stage to control the oscil- 
lation frequency. Here, each slave circuit 302 comprises 40 
the current-to-voltage conversion circuit 133 and the 
voltage-controlled oscillator 321. 

In this way since, in the ninth embodiment, the 
master circuit 301 uses the PLL circuit, not the DLL cir- 
cuit, the output signal (timing signal) can be generated 45 
even in cases where a completely periodic clock signal 
cannot be obtained. That is, even when jitter is con- 
tained in the input reference clock CKr, for example, 
since the jitter component can be removed by the volt- 
age-controlled oscillator (ring oscillator) 321, etc., the so 
ninth embodiment is particularly preferable when recov- 
ering a clock component from the received data. 

Figure 65 is a block diagram showing the configura- 
tion of the timing signal generating" circuit as a 10th 
embodiment according to the third aspect of the present 55 
invention. 

In the 10th embodiment, the master circuit 301 
uses a DLL circuit that outputs an internal clock (CKin) 



locked on the reference clock (CKr), and slave circuits 
302a to 302z are provided for the respective bits of 
multi-bit receiver circuits 303a to 303z. Here, the master 
circuit 301 is not limited to the one shown in Figure 60, 
but various other configurations are possible. 

As shown in Figure 65, the slave circuits 302a to 
302z (302a) each comprise a selector 21 1 , a delay line 
215, two delay units D, and a phase interpolator 236, 
corresponding respectively to the selector (315), delay 
line (311), delay units (D), and phase interpolator (136) 
shown in Figure 60, and supply timing signals TSa to 
TSz to the corresponding receiver circuits 303a to 303z 
to control the timing for the respective receiver circuits 
303a to 303z to latch signals SSa to SSz. 

In the 10th embodiment, the slave circuits 302a to 
302z sequentially detect the levels of the signals SSa to 
SSz in the corresponding receiver circuits 303a to 303z, 
and control the respective delay amounts to provide 
optimum latch timing. More specifically, the signals from 
the receiver circuits are sequentially selected by a 
switch means 210 (for example, the signal SSa from the 
receiver circuit 303a is selected) and the selected signal 
is supplied to an A/D converter 220 for analog-to-digital 
conversion (A/D conversion); then, the selection (the 
delay amount in the delay line 211) by the selector 215 
is controlled via a control circuit 230 so as to maximize 
the signal level (to increase the S/N ratio). Here, when 
the signal SSa is latched at the receiver circuit (303a) 
with optimum timing TSa, for example, the level of the 
signal SSa is maximum; in the 10th embodiment, there- 
fore, the timing of the timing signal TSa is determined 
utilizing this characteristic. 

More specifically, in the 1 0th embodiment, the delay 
amount in the delay line 211 is controlled using, for 
example, a 6-bit digital signal, and this digital signal is 
controlled so that the signal strength becomes the 
greatest in each of the receiver circuits 303a to 303z. 
Here, provisions are made so that the signal strength 
optimization operation is carried out while a special sig- 
nal for that purpose (for example, a bit sequence 
"1010...") is being transmitted. According to the 10th 
embodiment, the advantage is that, even for parallel sig- 
nal transmission of multiple bits, the operation timing of 
each receiver circuit can be optimized by also consider- 
ing the signal line delay between each bit. 

Figure 66 is a block diagram showing the configura- 
tion of an essential portion of the timing signal generat- 
ing circuit as an 1 1th embodiment according to the third 
aspect of the present invention. 

In the 11th embodiment, as in the foregoing 10th 
embodiment, receiving timing for multiple bits is opti- 
mized for each bit, and the master circuit 302 generates 
a signal (internal clock CKin) locked on the reference 
clock CKr. Here, the slave circuits 302 (302a to 302z), 
as in the 10th embodiment, are provided for the respec- 
tive bits of the multi-bit receiver circuits 303. (303a to 
303z), and as shown in Figure 66, each slave circuit 302 
is provided with a fine delay control block using a phase 
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interpolator 236, and controls input sampling timing 
(CL1, CL2) by using a 6-bit digital signal. 

In Figure 66. reference numeral 212 is a combina- 
tional logic circuit, 234 is an up-down counter, and 241 
and 242 are receiving latch circuits. The phase interpo- 
lator 236 is supplied with outputs (<|>1, A|>1, $2, A|>2) of a 
four-phase PLL circuit (250) in the master circuit 301, 
and outputs the control clocks CL1 and CL2 to control 
the sampling timing at the latch circuits 241 and 242. 
The latch circuits 241 and 242 are each constructed 
from two D-type flip-flops (D-FFs); sampling by the two 
flip-flops in the-latch circuit 241 is controlled by the con- 
trol clock CL1 , while sampling by the two flip-flops in the 
latch circuit 242 is controlled by the control clocks CL1 
and CL2, respectively. 

More specifically, in each slave circuit 302 (302a to 
302z) of the 11th embodiment, two receiving latch cir- 
cuits 241 and 242 are provided for one bit; the latch cir- 
cuit 241 samples the input at the center of a data 
receiving window (also called a bit cell), while the other 
latch circuit 242 samples at the boundary between two 
adjacent bit cells. For that purpose, the two latch circuits 
241 and 242 are controlled by the control clocks CL1 
and CL2 1 80 degrees out of phase with respect to each 
other, so that the input signal is sampled at a sampling 
rate twice the usual sampling rate. By using the two 
latch circuits 241 and 242, when a data transition from 
"0" to "1 " or from "1" to "0" occurs between adjacent bit 
cells, it is possible to know whether the sampling timing 
(the timing of the control clocks CL1 and CL2) is 
advanced or delayed with respect to the data. 

More specifically, when a data transition occurs 
such that the N-th data is n r and the (N+1)th data is "0", 
then the sequence of "D(N), B(N), D(N+1)" is "1 , 0. 0" or 
"1,1, 0", where D(N) represents the output of the latch 
circuit 241 sampling the bit cell center and D(B) the out- 
put of the latch circuit 242 sampling the bit cell bound- 
ary. Here, the sequence "1, 0, 0" indicates that the 
timing of the sampling control clocks (CL1 and CI-2) is 
delayed with respect to the data, while the sequence "1 , 
1, 0" indicates that the timing of the control clocks is 
advanced with respect to the data. 

Next, when a data transition occurs such that the N- 
th data is "0" and the (N+1)th data is "1 ", if the sequence 
of "D(N), B(N). D(N+1) M is "0,0, 1", it follows that the tim- 
ing of the sampling control clocks (CL1 and CL2) is 
advanced with respect to the data; if the sequence is "0, 
1, 1". it follows that the timing of the control clocks is 
delayed with respect to the data. 

Then, by passing the outputs of the two latch cir- 
cuits 241 and 242 through the combinational logic cir- 
cuit 212, a decision signal (up signal UP or down signal 
DN) can be obtained that indicates whether the control 
clocks CL1 and CL2 should be delayed or advanced. 
This decision signal (UP. DN) is counted by the up-down 
counter 234, and the contents are converted to a 6-bit 
signal (COO, C01, C02; C10, C11, C12) which is sup- 
plied to the phase interpolator 236 to control the timing 



of the control clocks CL1 and CL2, thereby optimizing 
the signal receiving timing for maximum S/N ratio. 

Here, the processing for optimizing the signal 
receiving timing in the 1 1th embodiment should only be 

5 performed while a signal dedicated to the timing optimi- 
zation (a special signal, for example, a sequence 
"101010...") is being transmitted. In this way, the 11th 
embodiment offers the advantages that the A/D con- 
verter 220 for evaluating the signal reception strength 

io as an analog amount, as in the foregoing 10th embodi- 
ment, can be omitted, and that the processing for the 
timing optimization can be performed in parallel for mul- 
tiple bits without having to sequentially select the bits by 
the switch means 210. Accordingly, in cases where the 

is occurrence of a "0" to "1 " or "1 " to "0" transition at a pre- 
scribed frequency is guaranteed for every bit (for exam- 
ple, when data is encoded by a coding scheme such as 
10B/8B), the processing for the receiving timing optimi- 
zation for each bit can be performed in parallel with data 

20 transmission and reception. 

Figure 67 is a circuit diagram showing one example 
of the phase interpolator (phase adjuster) 236 in the 
timing signal generating circuit of Figure 66. 

As shown in Figures 66 and 67, the 6-bit signal 

25 (C00, C01, C02; C10, C11, C12) from the up-down 
counter 234 and the outputs ((|>1 , A|>1 , 4>2, f$2) from the 
four-phase PLL circuit (250) in the master circuit 301 
are supplied to the phase interpolator 236 The differen- 
tial inputs to differential amplifier stages 2361 and 2362 

30 are weighted using the 6-bit signal. The outputs (<|>1 , A|>1 , 
4>2, A|>2) from the four-phase PLL circuit are supplied to 
the inputs of the respective differential amplifier stages 
2361 and 2362 by being switched via a switch means 
2360 which is controlled by control signals Sns and 

35 /Sns. Then, the signals output from the pair of differen- 
tial amplifier stages 2361 and 2362 are passed through 
an output stage (comparator) 2363 to produce the con- 
trol clocks CL1 and CL2, as in the case of Figure 56 pre- 
viously explained. 

40 Figure 68 is a circuit diagram showing one example 

of the four-phase PLL circuit 250 applicable for use in 
the timing signal generating circuit of Figure 66. 

As shown in Figure 68, the four-phase PLL circuit 
250 comprises four stages of differential amplifier 

45 blocks 251 1 to 2514, four signal conversion blocks 2521 
to 2524, and four inverters 2531 to 2534. That is, the 
four differential amplifier blocks 2511 to 2514 are con- 
nected in cascade, prescribed signals are supplied to 
the signal conversion blocks 2521 and 2524, and signal 

so levels are inverted and waveshaping performed by the 
inverters 2351 and 2354 to obtain the four-phase output 
signals 4»i , A|>1 , $2, and A|>2. 

Figure 69 is a circuit diagram showing one example 
of the signal conversion block 252 (2521 to 2524) in the 

55 four-phase PLL circuit of Figure 68, and Figure 70 is a 
circuit diagram showing one example of the differential 
amplifier block 251 (251 1 to 2514) in the four-phase PLL 
circuit of Figure 68. 
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As shown in Figures 68 and 69, the signal conver- 
sion block 252 (2521 to 2524) accepts two input signals 
(A and B) and produces one output signal (Z). More 
specifically, two output signals from the second-stage 
differential amplifier block 2512 or the fourth-stage dif- 
ferential amplifier block 2514 in the four-stage cascade 
of differential amplifier blocks are supplied as the inputs 
A and B to each signal conversion block 252 (2521 to 
2524) which produces the single output Z by processing 
the-two inputs A and B. Then, the output Z is fed to the 
inverter 253 (2531 to 2534) for level inversion and wave- 
shaping. The four-phase PLL circuit 250 thus produces 
the.outputs 4>1 , /4>1 , 4>2, and /<(>2. Here, each signal con- 
version block 252 always outputs a signal (Z) of high 
level "H" when signal INH is at a high level "H", and a 
signal (Z), whose level is dependent on the input signals 
A and B, when the signal INH is at a low level "L" and 
control signal CTL is at a high level "H". 

As shown in Figures 68 and 70, the differential 
amplifier blocks 251 (2511 to 2514) are cascaded so 
that the output signals (OUT1 and OUT2) from the dif- 
ferential amplifier blocks 251 1 , 2512, and 2513 are sup- 
plied as input signals IN1 and IN2 to the differential 
amplifier blocks 2512, 2513, and 2514 at the respective 
subsequent stages. Here, to the first-stage differential 
amplifier block 2511 are supplied the output signals 
from the last stage (fourth-stage) differential amplifier 
block 251 4. Each differential amplifier block 251 is acti- 
vated when the control signal CTL is at a high level "H". 

Figure 71 is a diagram showing the output signals 
of the tour-phase PLL circuit of Figure 68. 

-The four-phase output signals 4>1, $2, /<|>1 , and A(>2, 
one shifted in phase by 90 degrees with respect to the 
next, as shown in Figure 71 ( are obtained from the four- 
phase PLL circuit 250 constructed using the signal con- 
version blocks 252 and differential amplifier blocks 251 
shown in Figures 69 and 70. As previously noted, these 
signals 4>1, 4>2. /^I, and /<t>2 are supplied to the phase 
interpolator 236 in the slave circuit 302 shown, for 
example, in Figure 66. 

It will be appreciated that the four-phase PLL circuit 
250. the signal conversion blocks 252, and the differen- 
tial amplifier blocks 251 are not limited in configuration 
to those described above, but various other circuit con- 
figurations are also possible. 

As described above, according to the timing signal 
generating circuit in each embodiment of the third 
aspect of the present invention, the timing signal syn- 
chronized to the reference clock can be generated in 
each slave circuit that is much simpler in configuration 
than the master circuit. Furthermore, by varying the 
response speed of the slave circuit according to the fre- 
quency of the reference clock, it becomes possible to 
generate a highly accurate timing signal over a wide fre- 
quency range. That is, timing pulses having a predeter- 
mined phase difference relative to each other can be 
generated synchronously with the reference clock by 
using many slave circuits that are simple in configura- 



tion, and highly accurate timing signals necessary for 
the transmission and reception of high-speed signals 
can be generated using circuitry that occupies a small 
area. 

5 While the master circuit and the plurality of slave 

circuits can be provided within one semiconductor inte- 
grated circuit device (LSI chip), it is also possible to con- 
struct the master circuit and the slave circuits 
respectively on different semiconductor integrated cir- 

10 cuit devices. That is, the timing signal generating circuit 
according to each embodiment in the third aspect of the 
present invention can also be applied to a semiconduc- 
tor integrated circuit system having a plurality of semi- 
conductor integrated circuit devices or to a multichip 

15 module (MCM) or the like. 

As described in detail above, according to the third 
aspect o1 the present invention, a plurality of timing sig- 
nals synchronized to the reference clock and having a 
predetermined phase difference relative to each other 

20 can be generated with high accuracy, using simple cir- 
cuitry. 

Next, embodiments of the phase interpolator 
according to the present invention will be described with 
reference to accompanying drawings. 

25 Figure 72 is a block diagram showing the basic 
functional configuration of the phase interpolator 
according to the present invention, and Figure 73 is a 
waveform diagram for explaining the operation of the 
phase interpolator of Figure 72. 

30 In Figure 72, reference numerals 41 and 42 are 
analog periodic waveform generating blocks. 43 is a 
weighting control block, 44 is a summed waveform gen- 
erating block, and 45 is an analog/digital conversion 
block. 

35 As shown in Figure 72, the analog periodic wave- 
form generating block 41 receives a first digital periodic 
signal DIS1 and generates a first analog periodic wave- 
form (f1: See Figure 73) whose value varies in an ana- 
log fashion, and the analog periodic waveform 

40 generating block 42 receives a second digital periodic 
signal DIS2 and generates a second analog periodic 
waveform (f2: See Figure 73) whose value varies in an 
analog fashion. Here, the first digital periodic signal 
DIS1 and the second digital periodic signal DIS2 are 

45 signals shifted relative to each other along the time axis 
(signals with different phases). The phase interpolator is 
a device which, for example, accepts the digital signals 
DIS1 and DIS2 having different phases and generates 
from them a digital signal having an arbitrary intermedi- 

so ate phase. 

The first analog periodic waveform f 1 and the sec- 
ond analog periodic waveform f2 are weighted in the 
weighting control block 43 and are summed in the 
summed waveform generating block 44 which thus gen- 

55 erates a third analog periodic waveform (f3: See Figure 
73). That is, the third analog periodic waveform f3 such 
that f3 = (1 - x)f 1 +f2 , where 0 < x < 1 , is obtained at the 
output of the summed waveform generating block 44. 
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The analog/digital conversion block 45 then con- 
verts the third analog periodic waveform f3 to a digital 
signal having a prescribed phase, which is output as a 
third digital periodic signal DO. Here, the analog/digital 
conversion block 45 is constructed, for example, from a 5 
comparator which compares the third analog periodic 
waveform f3 with the reference voltage Vr and outputs 
"0" or "1". 

The phase interpolator according to the present 
invention can be used, for example, as the phase inter- 10 
polators 136 and 236 (Figures 55, 60, 61, etc.) in the 
previously described timing signal generating circuits, 
but it will be appreciated that it can be used extensively 
in various other circuits. 

Figure 74 is a circuit diagram showing a configura- is 
tional example of the phase interpolator as a 12th 
embodiment of the present invention, and Figure 75 is a 
circuit diagram showing a configurational example of 
the weighting control block in the phase interpolator of 
Figure 74. In Figure 74, reference numerals 41a, 41b 20 
and 42a, 42b are sine wave generating circuits, 430 is a 
weighting control circuit (weighting control block), 440 is 
an operational amplifier circuit (summed waveform gen- 
erating circuit), and 450 is a comparator circuit (ana- 
log/digital conversion circuit). 25 

As earlier explained with reference to Figure 62, the 
phase interpolator of the 12th embodiment shown in 
Figure 74 converts square waves into triangular waves 
by passing the digital signals (square waves) DIS1 and 
DIS2 through the delay circuits 41a and 42a, and further 30 
converts the triangular waves into sine waves (pseudo- 
sine waves) by passing the triangular waves through the 
driver circuits (nonlinear amplifier circuits) 41b and 42b. 
These sine waves (f1 and f2) are then fed into the 
weighting control circuit 430 where they are assigned 35 
prescribed weights by the respective weighting control 
blocks (4301 and 4302); after that, the sine waves are 
summed in the operational amplifier circuit 440 and the 
resulting wave is fed to the comparator 450. 

As shown in Figure 75, the weighting control block 40 
4301 (4302) is constructed from a plurality (the number 
n) of transfer gates provided in parallel between the 
input and output. These n (for example, 16) transfer 
gates are controlled for connection by control signals 
C41 to C4n, respectively, so that the sine wave f1 (f2) is 45 
weighted according to the number of transfer gates 
caused to conduct between the input and output. More 
specifically, in the circuit example of Figure 75, of the 
control signals C41 to C4n an arbitrary number of con- 
trol signals are set to the high level "H", causing the cor- so 
responding number of transfer gates to turn on and thus 
varying the conductance (the conductance at the input 
side of the operational amplifier circuit 440). 

In Figure 75, the nMOS and pMOS transistors form- 
ing the respective transfer gates are of the same size, ss 
but alternatively, the nMOS and pMOS transistors lorm- 
ing each transfer gate may be varied in size (for exam- 
ple, with the gate width of the smallest transistor being 



1 , the gate widths of the other transistors are set to 1.1 , 
1.2, 1.3, .... respectively); in the latter case, the sine 
wave f 1 (f2) can be weighted by turning on an arbitrary 
transfer gate or an arbitrary number of transfer gates in 
a desired combination, that is, by causing at least one 
transfer gate to conduct. 

Figure 76 is a circuit diagram showing a conf igura- 
tional example of the phase interpolator as a 13th 
embodiment of the present invention. In Figure 76, ref- 
erence numeral 4101 is a selector circuit, 4111 to 411 n 
are CMOS inverters, 4103 is a capacitive load, and 
4104 is a comparator circuit (comparator). The selector 
circuit 4101 performs control to select the number, k, of 
CMOS inverters, 41 1 1 to 41 1k, to which the first digital 
periodic signal DIS1 is input, and the number, n-k, of 
CMOS inverters, 41 1 k to 41 1 n, to which the second dig- 
ital periodic signal DIS2 is input. That is, the number (k) 
of CMOS inverters, to which the first digital periodic sig- 
nal DIS1 is input, and the number (n-k) of CMOS invert- 
ers, to which the second digital periodic signal DIS2 is 
input, are controlled by the selector circuit 4101. Here, 
the total number of CMOS inverters 41 1 1 to 411 n is, for 
example, 16. Further, the outputs of the CMOS inverters 
4111 to 41 1 n are connected in common and coupled to 
the terminal (an input terminal of the comparator 4104) 
to which the capacitive load 4103 is connected. The 
comparator 4104 compares the input with the reference 
voltage Vr (1/2 -Vcc) and outputs the digital periodic 
signal DO, H 0" or "1". 

Each of the CMOS inverters 41 1 1 to 41 1 n takes the 
digital signal DIS1 or DIS2, a square wave, directly as 
its input, but the output of each of the CMOS inverters 
4111 to 411n becomes an analog periodic waveform 
whose value varies in analog fashion because of the 
presence of the capacitive load 4103. The phase inter- 
polator of the 13th embodiment accomplishes the con- 
version of the digital signals (DIS1 and DIS2) to analog 
waveforms simultaneously with their weighting control 
by controlling the number of CMOS inverters to be con- 
nected to the first and second digital periodic signals 
DIS1 and DIS2. respectively. The phase interpolator of 
the 13th embodiment thus offers the advantage that 
there is no need to provide sine wave generating circuits 
and the linearity of weighting control is high. 

Figure 77 is a circuit diagram showing a configura- 
tional example of the phase interpolator as a 14th 
embodiment of the present invention. 

In the phase interpolator of the 14th embodiment, 
the digital signals DIS1 and DIS 2 are received by 
respective inverter pairs 4211, 4212 and 4221, 4222, 
and nMOS and pMOS transistors in each of a plurality 
of CMOS inverter output stages 4231 to 423n and 4241 
to 424n are driven by the outputs of these inverters 
4211, 4212 and 4221, 4222. Here, the outputs of the 
output stages 4231 to 423n (4241 to 424n) are taken 
through respective transfer gates which are controlled 
for connection by respective control signals C41 1 to 
C41n (C421 to C42n), and are connected in common 
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and supplied as an input to the comparator 4250. 

More specifically, the phase interpolator of the 14th 
embodiment uses a plurality of CMOS inverters for 
weighting control, as in the foregoing 13th embodiment, 
but the difference is that only the number of output 
stages is controlled for connection by the control sig- 
nals, the input circuitry (the inverters 4211, 4212 and 
4221, 4222) being provided in common. Here, the 
nMOS and pMOS transistors forming the respective 
output stages (and transfer gates) 4231 to 423n and 
424-1 to 424n are chosen to have the same size, and the 
number of output stages controlled for connection is, for 
example, 16 or 32. 

v Since the input capacitance of the circuit is constant 
regardless of weight values, the phase interpolator of 
the 14th embodiment has the advantage that a phase 
shift due to the loading effect does not occur to the input 
digital signals DIS1 and DIS2, which makes it possible 
to generate the digital signal DO having a more accu- 
rate timing (phase difference). 

Figure 78 is a circuit diagram showing a configura- 
tional example of the phase interpolator as a 15th 
embodiment of the present invention, and Figures 79A 
and 79B are circuit diagrams showing examples of 
transconductors in the phase interpolator of Figure 78. 

As shown in Figure 78, in the phase interpolator of 
the 15th embodiment, the digital input signals DIS1 and 
DIS2 are converted to triangular waves by integrator cir- 
cuits each consisting of an inverter 4301, 4302 and a 
capacitive load 4303, 4304, and supplied to the respec- 
tive transconductors (variable transconductors) 4305 
and-4306. Here, each integrator circuit can be obtained 
byiswitching the constant current by the digital signal, 
but various other integrator circuits can be used. Fur- 
ther, filter circuits that simply attenuate the high fre- 
quency components of the digital signals may be used 
instead of the integrator circuits. 

As shown in Figures 79A and 79B, the transcon- 
ductor 4305 (4306) is provided to extract a current out- 
put corresponding to the input voltage. 

The transconductor 4305 of Figure 79 A consists of 
pMOS transistors 4351 and 4354, an nMOS transistor 
4352, and a resistor 4353, and is configured so that a 
current corresponding to the input voltage (IN) applied 
to the gate of the transistor 4352 flows to the transistor 
4351 and the current flowing through the transistor 4354 
connected in a current mirror arrangement with the tran- 
sistor 4351 is extracted as the current output. 

On the other hand, the transconductor 4305 of Fig- 
ure 79B consists of pMOS transistors 4361, 4364, and 
4366, and nMOS transistors 4362, 4363, and 4365, and 
is configured so that the current flowing through the 
transistor 4364, according to the input voltage (IN) 
applied to one input of the differential circuit (the gate of 
the transistor 4362) and the reference voltage 
(1/2 ■ Vcc) applied to the other input thereof, is extracted 
as the current output from the transistor 4366 con- 
nected in a current mirror arrangement with the transis- 



tor 4364. 

Besides the transconductors 4305 and 4306 shown 
in Figures 79A and 79B, various transconductor circuits 
known in the field of continuous-time analog processing 

5 can be used for the above purpose. 

As shown in Figure 78, after the triangular waves 
are converted by the transconductors 4305 and 4306 
into current signals, the current signals are output to a 
resistive load 4307 to achieve a weighted sum. The 

io comparator 4308 then compares the weighted sum with 
the reference voltage (1/2* Vcc) to produce the digital 
signal DO having a prescribed phase. 

The phase interpolator of the 15th embodiment 
offers the advantage that a highly accurate circuit 

75 design becomes possible because the circuitry for per- 
forming the conversion to triangular waves and the cir- 
cuitry for creating the sum can be optimized separately. 

Figure 80 is a circuit diagram showing a configura- 
tional example of the phase interpolator according to a 

20 16th embodiment of the present invention. In Figure 80, 
reference character V1+ corresponds to the first digital 
periodic signal DIS1, V1- corresponds to the inverted 
signal (/DIS1) of the first digital periodic signal DIS1, 
V2+ corresponds to the second digital periodic signal 

25 DIS2, and V2- corresponds to the inverted signal 
(/DIS2) of the second digital periodic signal DIS2. 

As shown in Figure 80, the analog periodic wave- 
form generating block and summed waveform generat- 
ing block are constructed by connecting constant 

30 current sources with switches (4401, 4403 and 4402, 
4404) to respective capacitive loads (4405 and 4406). 
That is, when the first input digital signal DIS1 (V1+) is 
at a high level "H", in the constant current source with 
switches 4401 an nMOS transistor 4414 is ON and a 

35 pMOS transistor 441 1 is OFF and, in the constant cur- 
rent source with switches 4402, an nMOS transistor 
4424 is OFF and a pMOS transistor 4421 is ON; as a 
result, current flows to the capacitive load 4405 through 
the nMOS transistors 4413 and 4414, and likewise, cur- 

40 rent flows to the capacitive load 4406 through the pMOS 
transistors 4421 and 4422. Conversely, when the first 
input digital signal DIS1 is at a low level "L", current 
flows to the capacitive load 4405 through the pMOS 
transistors 441 1 and 4412, and likewise, currentflows to 

45 the capacitive load 4406 through the nMOS transistors 
4423 and 4424. The same applies for the second input 
digital signal DIS2 (V2+) that differs in phase. Further, 
one end of the capacitive load 4405 whose other end is 
connected to the positive logic input of the comparator 

so 4407 is held at the intermediate potential (1/2 'Vcc), 
and likewise, one end of the capacitive load 4406 whose 
other end is connected to the negative logic input of the 
comparator 4407 is also held at the intermediate poten- 
tial (1/2 -Vcc). 

55 The analog summed waveform (the waveform at 
the other end of the capacitive load 4405) obtained by 
summing the positive logic digital periodic signals DIS1 
and DIS2 (V1+ and V2+) is compared in the comparator 
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4407 with the analog summed waveform (the waveform 
at that other end of the capacitive load 4406) obtained 
by summing the negative logic digital periodic signals 
/DIS1 and /DIS2 (V1- and V2-), and the digital periodic 
signal DO corresponding to the result of the comparison 
is output 

In the phase interpolator of the 16th embodiment, 
weighting control is performed by changing the voltage 
levels of bias signals (Vcp1, Vcn1 ; Vcp2, Vcn2). Circuits 
for generating the bias signals will be described later 
with reference to Figures 81 and 82. 

In this way, in the phase interpolator of the 16th 
embodiment, the analog periodic waveform generating 
and summed waveform generating block comprises cur- 
rent polarity switching means (4411, 4414 and 4421, 
4424) for switching the polarity of the current flowing 
from the constant current sources (4412, 4413 and 
4422, 4423) to the common capacitive loads (4405 and 
4406) by the first digital periodic signal DIS1 (V1+, V1-), 
and current value control means (4412, 4413 and 4422, 
4423) for controlling the current values of the current 
sources. The construction is fundamentally the same for 
the second digital periodic signal DIS2. 

The constant current source with switches 4401 
(4402 to 4404) is constructed by inserting the pMOS 
transistor 4412 and nMOS transistor 4413, biased in 
constant current mode, on the drain side of the pMOS 
transistor 4411 and nMOS transistor 4414 forming a 
CMOS inverter. Alternatively the pMOS transistor and 
nMOS transistor biased in constant current mode may 
be inserted, not on the drain side, but on the source side 
of the transistors forming the CMOS inverter (that is, 
between the high-level voltage supply line Vcc and the 
source of the pMOS transistor 441 1 and between the 
low-level voltage supply line Vss and the source of the 
nMOS transistor 4414). 

The phase interpolator of the 16th embodiment 
allows the function of converting the digital input signals 
into analog signals (the function of the analog periodic 
waveform generating block) and the function of generat- 
ing the sum (the function of the summed waveform gen- 
erating block) to be implemented on one terminal; this 
serves to simplify the circuit configuration and reduce 
the power consumption. 

Figure 81 is a circuit diagram showing one example 
of the circuit for generating the bias signals in the phase 
interpolator of Figure 80, and Figure 82 is a circuit dia- 
gram showing another example of the circuit for gener- 
ating the bias signals in the phase interpolator of Figure 
80. 

As earlier described, in the phase interpolator 
shown in Figure 80, weighting control for the digital peri- 
odic signals DIS1 , DIS2, /DIS1 , and /DIS2 is performed 
by changing the voltage level of the bias signals Vcpl , 
Vcnl , Vcp2, and Vcn2. Examples of the bias signal gen- 
erating circuit (4408) for generating the bias signals are 
provided in Figures 81 and 82. 

As shown in Figure 81 , in one example of the bias 



signal generating circuit 4408, a plurality of transistor 
pairs, each consisting of two pMOS transistors 4481 
and 4482 connected in series, are provided in parallel 
and, with the reference voltage (Vr) applied to the gate 
5 of one transistor 4481 in each pair, control signals (dig- 
ital signals) C431 to C43n are applied to the other tran- 
sistors 4482 in the respective pairs to control the 
switching operations thereof. 

Here, all the transistor pairs (4481, 4482) are con- 
10 nected in common to one end of an nMOS transistor 
4483 so that the sum of the currents flowing through the 
transistor pairs selected by the control signals C431 to 
C43n flows to the nMOS transistor 4483. Further, the 
current flowing in the transistor 4483 flows to an nMOS 
is transistor 4484 connected in a current mirror arrange- 
ment and also to a pMOS transistor 4485 connected in 
series to the transistor 4484. The bias signals Vcp1 
(Vcp2) and Vcn1 (Vcn2) are thus obtained through the 
transistors 4485 and 4484 (4483). For the phase inter- 
ne polator of Figure 80, two such bias signal generating cir- 
cuits are needed, one for generating the bias signals 
Vcp1 and Vcn1 and the other for generating the bias 
signals Vcp2 and Vcn2, and the weighting control is per- 
formed such that when the positive logic control signals 
25 C431 to C43n are supplied to the bias signal generating 
circuit that generates the bias signals Vcpl and Vcnl, 
for example, the complements of the control signals, 
/C431 to /C43n, are supplied to the bias signal generat- 
ing circuit that generates the bias signals Vcp2 and 
30 Vcn2. 

In this way, the bias signal generating circuit 4408 
shown in Figure 81 is constructed as a current-output 
type D/A converter, and the current source at the con- 
trolled side obtains a variable constant current by mir- 

35 roring the current received from the D/A converter by 
using the current mirror circuit, and generates the bias 
signals Vcpl (Vcp2) and Vcnl (Vcn2) having a pre- 
scribed voltage level appropriate to the control signals 
C431 to C43n. Since the current source at the control- 

40 led side can be simplified in configuration, the advan- 
tage is that the bias signal generating circuit is 
realizable with a small amount of circuitry. 

Figure 82 is a circuit diagram showing an alterna- 
tive example of the bias signal generating circuit in the 

45 phase interpolator of Figure 80. 

As shown in Figure 82, in the alternative example of 
the bias signal generating circuit 4408, the drain of each 
of a plurality of pMOS transistors 4486, each supplied 
with the reference voltage (Vr), is connected to one end 

so (the source) of each of pMOS transistors 4487 and 
4488 whose switching operations are controlled by con- 
trol signals (digital signals) C441 to C44n. Here, the 
transistors 4487 in the respective transistor pairs are 
supplied at their gates with the corresponding control 

55 signals C441 to C44n, while the transistors 4488 in the 
respective transistor pairs are supplied at their gates 
with the control signals (/C441 to /C44n) inverted by 
respective inverters 4489. Accordingly, in each transis- 
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tor pair one of the transistors, 4487 or 4488, is ON and 
the other is OFF 

The other ends (the drains) of the transistors 4487 
in the respective transistor pairs are connected in com- 
mon so that the sum of the currents flowing through the 
transistors 4487 in the ON state flows to an nMOS tran- 
sistor 44832; likewise, the other ends of the transistors 
4488 in the respective transistor pairs are connected in 
common so that the sum of the currents flowing through 
the transistors 4488 in the ON state flows to an nMOS 
transistor 44831. Then, in the same manner as 
explained with reference to Figure 81, the currents flow- 
ing Ihrough the transistors 44831 and 44832 flow to 
nMOS transistors 44841 and 44842 respectively con- 
nected in a current mirror configuration, and also to 
pMOS transistors 44851 and 44852 connected in series 
with the respective transistors 44841 and 44842, and 
the bias signals Vcp1, Vcn1 and Vcp2, Vcn2 are thus 
obtained. 

In this way, in the bias signal generating circuit 4408 
shown in Figure 82, the output of the current-control 
type D/A converter for controlling the output value of the 
current source is switched for connection to the comple- 
mentary output nodes. Here, since the output current of 
the D/A converter is always maintained constant, the 
output transistor voltage of the D/A converter is main- 
tained constant, the resulting advantage being that tran- 
sient response spikes, as seen when the current is 
interrupted, are eliminated. Further, the current con- 
sumption of the current-output type D/A converter can 
also be reduced (by about one half). 

.l - Figure 83 is a circuit diagram showing the conf igu- 
ration of a variable current source (4500) as a modified 
example of the 16th embodiment of Figure 80. This 
example is applicable to each constant current source 
(4401 to 4404) in the previously described phase inter- 
polator of Figure 80. In the current source 4500 shown 
in Figure 83, the bias signals (bias voltages) Vcp and 
Vcn are constant-voltage- level signals, and weighting 
control is performed using control signals C451 to 
C45n. 

As shown in Figure 83, the variable current source 

4500 of this modified example differs from the constant 
current source 4401 in Figure 80 in that the transistors 

4501 and 4503 (corresponding to the transistors 4412 
and 4413) to which the bias signals Vcp (Vcp1) and Vcn 
(Vcn1) are supplied are provided in a plurality of pairs 
and a pMOS transistor 4506 and an nMOS transistor 
4508 are provided between the transistors 4501 and 
4503 in each pair. Here, the positive logic control sig- 
nals C451 to C45n are supplied to the gates of the tran- 
sistors 4508 in the respective pairs, while the control 
signals (/C451 to /C45n) inverted by respective invert- 
ers 4507 are supplied to the gates to the transistors 
4506 in the respective pairs. The node between the 
transistors 4506 and 4508 in each pair is connected in 
common with the corresponding nodes in the other 
pairs, to produce an output (output terminal) "out". The 



output terminal "out" is connected, for example, to one 
end of the capacitive load (4405 or 4406) and one input 
terminal of the comparator (4407), as shown in Figure 
80. 

5 In this way, the variable current source of the modi- 

fied example shown in Figure 83 controls the number of 
output transistors (4506 and 4508) in the current mirror 
to obtain the variable current source, and maintains the 
gate bias (bias signals Vcp and Vcn) of the current-mir- 

10 ror operating transistors (4502 and 4503) always at a 
constant level. This serves to enhance the current sta- 
bility. Further, the variable current source of the modi- 
fied example has the advantage of excellent linearity 
because current control is accomplished by controlling 

15 the number of transistors. 

Figure 84 is a circuit diagram showing a conf igura- 
tional example of a portion of the phase interpolator as 
a 17th embodiment of the present invention, in which a 
clamp circuit 4600 is provided between the two input 

20 terminals of the comparator 4407 in the phase interpo- 
lator of Figure 80. 

When the clamp circuit 4600 is provided, for exam- 
ple, between the two input terminals (the nodes where 
analog waveforms are generated by summing) of the 

25 comparator 4407 in the phase interpolator of Figure 80, 
as shown in Figure 84, the common mode potentials of 
these nodes are maintained constant by the clamp cir- 
cuit 4600 even if there occurs an unbalance in the cur- 
rent values of the current sources. As a result, the 

30 comparator 4407 at the subsequent stage can always 
perform the compare operation under a constant condi- 
tion, and timing accuracy can thus be enhanced. 

The clamp circuit 4600 shown in Figure 84 is con- 
figured so that 1/2 • Vcc (reference voltage) is applied to 

35 the gates of two nMOS transistors 4601 and 4602 con- 
nected in series and also to the node between these 
transistors 4601 and 4602, to clamp the voltage 
between the two input terminals of the comparator 
4407. For the clamp circuit 4600, various configurations 

40 other than that shown in Figure 84 are applicable. 

Figure 85 is a diagram for explaining a configura- 
tional example of the phase interpolator as an 18th 
embodiment of the present invention. In Figure 85. the 
horizontal axis represents D/A input code, that is, the 

45 number of transistors selected (connected) by control 
signals, and the vertical axis shows the output current 
as the sum of the currents flowing through the selected 
transistors. 

As described so far, to accomplish the weighting 
so control for controlling the weighting of each analog peri- 
odic waveform, the phase interpolator of the present 
invention selects a plurality of transistors, for example, 
of the same size by using control signals (digital sig- 
nals), thereby controlling the number of transistors to be 
55 connected and thus adjusting the current output. 

The characteristic curve LL1 in Figure 85 repre- 
sents the relationship between the output current and 
the number of transistors connected when the transis- 
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tors of the same size are selected by the control signals; 
as shown, the relationship is represented by a nonlinear 
curve. 

In view of this, in the 18th embodiment, the size of 
each transistor is adjusted so that the relationship s 
between the output current and the number of transis- 
tors controlled by the control signals becomes a linear 
line (straight line) as shown by the characteristic curve 
LL2 in Figure 85. 

For example, in the bias signal generating circuit 10 
shown in Figure 81, the number of transistors 4482 to 
be caused to conduct (connected) is controlled in 
accordance with the control signals C431 to C43n, and 
the sum of the currents flowing through the conducting 
transistors 4482 flows to the transistor 4483. When the is 
18th embodiment is applied to such configuration, the 
size of each transistor 4482 (4481) is adjusted so that a 
linear relationship is maintained between the current 
(output current) flowing to the transistor 4483 and the 
number of transistors 4482 conducting in accordance 20 
with the control signals C431 to C43n. This transistor 
size adjustment can be applied not only to the transis- 
tors in the above-described current D/A converter but 
also to the transistors (for example, the transistors 
4483, 4484, 4485, etc.) associated with the current mir- 25 
ror circuit, etc. in order to compensate for nonlinear 
components occurring in the current mirror circuit, etc. 

In this way, by applying the 18th embodiment, it 
becomes possible to further enhance the timing accu- 
racy of the signals that the phase interpolator outputs. 30 

Many different embodiments of the present inven- 
tion may be constructed without departing from the 
spirit and scope of the present invention, and it should 
be understood that the present invention is not limited to 
the specific embodiments described in this specifica- 35 
tion. except as defined in the appended claims. 

Claims 

1. A semiconductor integrated circuit device having a 40 
command decoder for issuing a control command 
in accordance with a supplied control signal, a 
DRAM core, and a timing adjusting circuit for sup- 
plying said control command, set active for a prede- 
termined period, as a DRAM control signal to said 45 
DRAM core, wherein 

said timing adjusting circuit generates n differ- 
ent clocks that are respectively shifted in phase 
with respect to a supplied reference clock, and so 
generates said DRAM control signal by setting 
said control command active in a prescribed 
operation cycle only for a period starting at a 
first predetermined clock pulse of a first clock of 
said n clocks and ending at a second predeter- 55 
mined clock pulse of a second clock of said n 
clocks. 



2. A semiconductor integrated circuit device as 
claimed in claim 1, wherein said timing adjusting 
circuit includes a logic gate for enabling said gener- 
ated DRAM control signal for output only for a 
period during which said control command is 
issued. 

3. A semiconductor integrated circuit device as 
claimed in claim 1, wherein said semiconductor 
integrated circuit device includes an MPU that 
accesses said DRAM core. 

4. A semiconductor integrated circuit device as 
claimed in claim 1, wherein said timing adjusting 
circuit includes: 

a first counter for counting said first clock; 

a second counter for counting said second 

clock; and 

a timing buffer circuit for generating said DRAM 
control signal by setting said control command 
active for a period starting from the time that 
the count value of said first counter reaches a 
first value and lasting until the time that the 
count value of said second counter reaches a 
second value. 

5. A semiconductor integrated circuit device as 
claimed in claim 4, wherein said first counter and 
said second counter are loop counters. 

6. A semiconductor integrated circuit device as 
claimed in claim 5, wherein at least either one of 
said first and second counters includes: a selection 
circuit for accepting multiple bit outputs from said 
counter, and for selecting one bit output out of said 
multiple bit outputs for output in accordance with a 
selection control input value; and a timing setting 
section for storing and outputting said selection 
control input value. 

7. A semiconductor integrated circuit device as 
claimed in claim 6, wherein said timing setting sec- 
tion is a register. 

8. A semiconductor integrated circuit device as 
claimed in claim 6. wherein the output of said timing 
setting section is set before shipment in accord- 
ance with production process conditions. 

9. A semiconductor integrated circuit device as 
claimed in claim 6, wherein the output of said timing 
setting section is set before shipment in accord- 
ance with required operating speed. 

10. A semiconductor integrated circuit device as 
claimed in claim 1, wherein said timing adjusting 
circuit includes: 
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a common counter for counting one of said n 
clocks, or said reference clock, as a common 
clock; 

a first logic gate for enabling one of said n 
clocks for output only for a period during which 
the count value of said common counter shows 
a first value; 

a second logic gate for enabling one of said n 
clocks for output only for a period during which 
the count value of said common counter shows 
a second value; and 

a timing buffer circuit for generating said DRAM 
control signal by setting said control command 
active for a period starting from the time that 
the output of said first logic gate becomes 
active and lasting until the time that the output 
of said second logic gate becomes active. 

11. A semiconductor integrated circuit device as 
claimed in claim 10, wherein said common counter 
is a loop counter. 

12. A semiconductor integrated circuit device as 
claimed in claim 1 1 , wherein said common counter 
includes: a selection circuit for accepting multiple 
bit outputs from said counter, and for selecting one 
bit output out of said multiple bit outputs for output 
in accordance with a selection control input value; 
and a timing setting section for storing and output- 
ting said selection control input value. 

13. "A semiconductor integrated circuit device as 
-claimed in claim 10, including a logic gate for sup- 
plying said common clock to said common counter 
^only for a period during which said control com- 
*mand is issued. 

14. A semiconductor integrated circuit device as 
claimed in claim 10, wherein said command 
decoder includes a logic gate for enabling said 
common value indicated as the count value of said 
first counter for output to said timing buffer circuit 
only for a period during which said control com- 
mand is issued. 

15. A semiconductor integrated circuit device as 
claimed in claim 10, including a selection circuit for 
selecting one of said n clocks in accordance with a 
selection control input value and for supplying said 
selected clock as a clock to said first logic gate or 
said second logic gate, and a timing setting section 
for storing and outputting said selection control 
input value. 

16. A semiconductor integrated circuit device as 
claimed in claim 15, wherein said timing setting 
section is a register. 



17. A semiconductor integrated circuit device as 
claimed in claim 15, wherein the output of said tim- 
ing setting section is set before shipment in accord- 
ance with production process conditions. 

5 

18. A semiconductor integrated circuit device as 
claimed in claim 15, wherein the output of said tim- 
ing setting section is set before shipment in accord- 
ance with required operating speed. 

10 

19. A timing adjusting circuit for generating n different 
clocks that are respectively shifted in phase with 
respect to a supplied reference clock, and for gen- 
erating a control signal by being set in an active 

15 state in a prescribed operation cycle only for a 
period starting at a first predetermined clock pulse 
ol a first clock of said n clocks and ending at a sec- 
ond predetermined clock pulse of a second clock of 
said n clocks. 

20 

20. A timing adjusting circuit as claimed in claim 1 9, 
wherein said timing adjusting circuit includes a logic 
gate for enabling said generated control signal for 
output only when set in said active state. 

25 

21. A timing adjusting circuit as claimed in claim 19, 
wherein said timing adjusting circuit includes: 

a first counter for counting said first clock; 
30 a second counter for counting said second 

clock; and 

a timing buffer circuit for generating said control 
signal by being set in an active state for a 
period starting from the time that the count 
35 value of said first counter reaches a first value 

and lasting until the time that the count value of 
said second counter reaches a second value. 

22. A timing adjusting circuit as claimed in claim 21, 
40 wherein said first counter and said second counter 

are loop counters. 

23. A timing adjusting circuit as claimed in claim 22, 
wherein at least either one of said first and second 

45 counters includes: a selection circuit for accepting 
multiple bit outputs from said counter, and for 
selecting one bit output out of said multiple bit out- 
puts for output in accordance with a selection con- 
trol input value; and a timing setting section for 

so storing and outputting said selection control input 
value. 

24. A timing adjusting circuit as claimed in claim 23, 
wherein said timing setting section is a register. 

55 

25. A timing adjusting circuit as claimed in claim 23, 
wherein the output of said timing setting section is 
set before shipment in accordance-with production 
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process conditions. 

26. A timing adjusting circuit as claimed in claim 23, 
wherein the output of said timing setting section is 
set before shipment in accordance with required s 
operating speed. 

27. A timing adjusting-circuit as claimed in claim 19, 
wherein said timing adjusting circuit includes: 

10 

a common counter for counting one of said n 
clocks, or said reference clock, as a common 
clock; 

a first logic gate for enabling one of said n 
clocks for output only for a period during which is 
the count value of said common counter shows 
a first value; 

a second logic gate for enabling one of said n 
clocks for output only for a period during which 
the count value of said common counter shows 20 
a second value; and 

a timing buffer circuit for generating said control 
signal by being set in an active state for a 
period starting from the time that the output of 
said first logic gate becomes active and lasting 25 
until the time that the output of said second 
logic gate becomes active. 

28. A timing adjusting circuit as claimed in claim 27, 
wherein said common counter is a loop counter. 30 

29. A timing adjusting circuit as claimed in claim 28, 
wherein said common counter includes: a selection 
circuit for accepting multiple bit outputs from said 
counter, and for selecting one bit output out of said 35 
multiple bit outputs for output in accordance with a 
selection control input value; and a timing setting 
section for storing and outputting said selection 
control input value. 

40 

30. A timing adjusting circuit as claimed in claim 27, 
wherein said timing adjusting circuit includes a logic 
gate for supplying said common clock to said com- 
mon counter. 

45 

31. A timing adjusting circuit as claimed in claim 27, 
wherein said timing adjusting circuit includes a logic 
gate for enabling said first value indicated as the 
count value of said common counter for output to 
said timing buffer circuit. so 

32. A timing adjusting circuit as claimed in claim 27, 
including a selection circuit for selecting one of said 
n clocks in accordance with a selection control 
input value and for supplying said selected clock as 55 
a clock to said first logic gate or said second logic 
gate, and a timing setting section for storing and 
outputting said selection control input value. 



33. A timing adjusting circuit as claimed in claim 32, 
wherein said timing setting section is a register. 

34. A timing adjusting circuit as claimed in claim 32, 
wherein the output of said timing setting section is 
set before shipment in accordance with production 
process conditions. 

35. A timing adjusting circuit as claimed in claim 32, 
wherein the output of said timing setting section is 
set before shipment in accordance with required 
operating speed. 

36. A signal transmission system for transmitting and 
receiving signals using a plurality of signal lines, 
comprising: 

timing adjusting means for adjusting the 
amount of signal delay caused during the 
transmission and reception of said signals in 
accordance with skew on each of said signal 
lines, thereby adjusting signal latch timing at a 
receiving circuit provided for each of said signal 
lines so that said latch timing becomes opti- 
mum for said signal line. 

37. A signal transmission system as claimed in claim 

36, wherein said timing adjusting means gives, in 
effect, a variable delay to a deck used to drive each 
of said receiving circuits to latch each of said sig- 
nals. 

38. A signal transmission system as claimed in claim 

37, wherein said timing adjusting means includes a 
phase interpolator that generates, from a plurality of 
clocks with different phases, a new clock having an 
intermediate phase. 

39. A signal transmission system as claimed in claim 
37, wherein said timing adjusting means includes a 
phase interpolator that generates, from a plurality of 
clocks with different delay amounts, a new clock 
having an intermediate delay amount. 

40. A signal transmission system as claimed in claim 
36, wherein said timing adjusting means gives, in 
effect, a variable delay to each of said signals at 
transmitting end. 

41. A signal transmission system as claimed in claim 
36, further comprising: 

a retiming circuit for retiming the plurality of sig- 
nals latched at optimum timing from said plural- 
ity of signal lines so that all of said plurality of 
signals change synchronously with a common 
clock; and 

a deskew circuit for inserting, in the event of 
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occurrence of a skew greater than or equal to a 
data cycle, a necessary amount of delay equiv- 
alent to an integral multiple of said data cycle. 

42. A signal transmission system as claimed in claim 
36, wherein said timing adjusting means includes a 
plurality of latch circuits for latching said signals, 
and interleaving operations between two or more 
parts are performed using said plurality of latch cir- 
... cuits. 



43. A signal transmission system as claimed in claim 
42, wherein said plurality of latch circuits that per- 

- form said interleaving operations are each con- 
structed as a circuit employing a PRD method. 

44. A signal transmission system as claimed in claim 
36, wherein the clock used to drive each of said 
receiving circuits to latch each of said signals is 
derived from a signal on a dedicated clock line. 

45. A signal transmission system as claimed in claim 
36, wherein the clock used to drive each of said 
receiving circuits to latch each of said signals is 
generated internally, based on a phase comparison 
between a signal on a data line or a dedicated clock 
line and a reference clock internal to said receiving 
circuit. 

46. A signal transmission system as claimed in claim 
36, wherein said timing adjusting means includes at 
receiving end an optimum timing determining 
means for determining an optimum point of said 

\ signal latch timing, and said optimum timing deter- 
mining means determines the optimum point of 
said signal latch timing by using a first clock and a 
second clock having a predetermined phase differ- 
ence with respect to said first clock. 

47. A signal transmission system as claimed in claim 
46, wherein said second clock has a phase differ- 
ence of approximately 180 degrees with respect to 
said first clock. 

48. A signal transmission system as claimed in claim 
46, wherein said optimum timing determining 
means detects a data transient region by using said 
first clock and determines the optimum point of said 
signal latch timing by using said second clock so 
that signal latching at said receiving circuit is 
achieved at optimum timing. 

49. A signal transmission system as claimed in claim 
36, wherein said timing adjusting means includes, 
at a receiving end, an optimum timing determining 
means for determining an optimum point of said 
signal latch timing, and said optimum timing deter- 
mining means determines the optimum point of 



said signal latch timing by using a clock having a 
duty cycle of approximately 50%. 

50. A signal transmission system as claimed in claim 
5 49, wherein said optimum timing determining 

means detects a data transient region by using said 
clock and determines the optimum point of said sig- 
nal latch timing by using the complement of said 
clock so that signal latching at said receiving circuit 
10 is achieved at optimum timing. 

51. A signal transmission system as claimed in claim 
36, wherein said timing adjusting means includes at 
transmitting end an optimum timing determining 

is means for determining an optimum point of said 
signal latch timing, and said optimum timing deter- 
mining means transmits data at such timing that a 
clock at receiving end occurs at an optimum point of 
data. 

20 

52. A signal transmission system as claimed in claim 

51, wherein said optimum timing determining 
means includes a calibration mode for transmitting 
data at first timing and a data transmission mode for 

25 transmitting data at timing shifted by a predeter- 
mined phase difference with respect to said first 
timing, and wherein: 

said calibration mode detects a transient region 
30 in the data of said first timing by using said 

clock at said receiving end, and said data 
transmission mode ensures that the data of the 
timing shifted by said predetermined phase dif- 
ference with respect to said first timing is 
35 latched by said receiving circuit by using said 

clock at said receiving end. 

53. A signal transmission system as claimed in claim 

52, wherein the timing shifted by said predeter- 
40 mined phase difference with respect to said first 

timing is timing having a phase difference of 
approximately 180 degrees with respect to said first 
timing. 

45 54. A signal transmission system as claimed in claim 
36, further comprising: 

phase information extracting means for extract- 
ing phase information of a clock on a clock line 

so or a data line; and 

storing means for sending said phase informa- 
tion of said clock to each of said receiving cir- 
cuits, and for storing for each of said receiving 
circuits a relative phase value representing the 

55 phase difference between the optimum receiv- 

ing timing required at each of said receiving cir- 
cuits and the clock actually used, and wherein: 
when performing said signal latching, the opti- 
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mum receiving timing at each of said receiving 
circuits is determined by taking a sum of said 
phase information of said clock and said stored 
relative phase value for each of said receiving 
circuits. 5 

55. A signal transmission system as claimed in claim 
36, wherein said timing adjusting means includes, 
at receiving end, a delay circuit for delaying data. 

10 

56. A signal transmission system as claimed in claim 
55, wherein said delay circuit is constructed as a 
variable delay circuit capable of delaying an analog 
signal. 

15 

57. A timing signal generating circuit comprising: 

a master circuit for generating by feedback con- 
trol an internal signal having the same cycle or 
the same phase as that of an input reference 20 
signal; and 

at least one slave circuit for generating a timing 
signal having prescribed timing relative to said 
reference signal by receiving said internal sig- 
nal and a control signal from said master cir- 25 
cuit. 

58. A timing signal generating circuit as claimed in 
claim 57, wherein a plurality of slave circuits are 
provided for one master circuit. 30 

59. A timing signal generating circuit as claimed in 
claim 57, wherein said master circuit contains a cir- 
cuit corresponding to said slave circuit so that said 
master circuit also outputs a timing signal by itself. 35 

60. A timing signal generating circuit as claimed in 
claim 57, wherein said master circuit comprises a 
comparator circuit for comparing the cycle or phase 

of said internal signal with that of said reference sig- 40 
nal, a control signal generating circuit for varying 
said control signal in accordance with an output of 
said comparator circuit, and a variable delay line for 
outputting said internal signal by controlling a delay 
amount for said reference signal in accordance with 45 
said control signal. 

61. A timing signal generating circuit as claimed in 
claim 60, wherein said master circuit is a DLL circuit 
which comprises a coarse delay control block for so 
performing coarse delay control and a fine delay 
control block for performing fine delay control, and 
said slave circuit contains a circuit corresponding to 
said fine delay control block. 

55 

62. A timing signal generating circuit as claimed in 
claim 61 , wherein said coarse delay control block 
takes taps off said delay line consisting of a plurality 



of delay units, and performs coarse delay control by 
selecting an output of each of said taps, while said 
fine delay control block receives a signal for control- 
ling the DLL circuit in said coarse delay control 
block and a signal subjected to said coarse delay 
control in said coarse delay control block, and per- 
forms fine delay control through an interpolator by 
using said coarse delay control signal. 

63. A timing signal generating circuit as claimed in 
claim 60, wherein said control signal generating cir- 
cuit includes a charge pump circuit for controlling 
an output voltage level in accordance with an up 
signal and down signal from said comparator cir- 
cuit. 

64. A timing signal generating circuit as claimed in 
claim 60, wherein said control signal generating cir- 
cuit includes an up-down counter for counting an up 
signal and down signal from said comparator circuit 
and a D/A converter for performing digital-to-analog 
conversion on an output of said up-down counter. 

65. A timing signal generating circuit as claimed in 
claim 57, wherein said master circuit comprises a 
comparator circuit for comparing the cycle or phase 
of said internal signal with that of said reference sig- 
nal, a control signal generating circuit for varying 
said control signal in accordance with an output of 
said comparator circuit, and a voltage-controlled 
oscillator for generating an internal signal corre- 
sponding to said reference signal in accordance 
with said control signal. 

66. A timing signal generating circuit as claimed in 
claim 65, wherein said slave circuit includes a volt- 
age-controlled oscillator for outputting said timing 
signal in accordance with said control signal from 
said master circuit. 

67. A timing signal generating circuit as claimed in 
claim 66. wherein said control signal generating cir- 
cuit includes a charge pump circuit for controlling 
an output voltage level in accordance with an up 
signal and down signal from said comparator cir- 
cuit. 

68. A timing signal generating circuit as claimed in 
claim 66, wherein said control signal generating cir- 
cuit includes an up-down counter for counting an up 
signal and down signal from said comparator circuit 
and a D/A converter for performing digital-to-analog 
conversion on an output of said up-down counter. 

69. A timing signal generating circuit as claimed in 
claim 57, wherein said slave circuit includes a vari- 
able delay line for outputting said timing signal by 
delaying said internal signal in accordance with 
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said control signal from said master circuit. 

70. A timing signal generating circuit as claimed in 
claim 57, wherein said slave circuit includes a 
phase interpolator for accepting input signals of dif- 
ferent phases and for outputting a finer timing signal 
of an intermediate phase. 

71. A timing signal generating circuit as claimed in 
.->-claim 70, wherein said input signals of different 
U: phases are three-phase or four-phase clocks. 

72. A timing signal generating circuit as claimed in 
, claim 70, wherein said phase interpolator includes 

voltage-to-current converting means for converting 
a plurality of input voltage signals respectively to 
current signals, current-to-voltage converting 
means for converting said converted current sig- 
nals back to voltage signals by varying voltage con- 
version factors, and comparing means for 
comparing a sum of said converted current signals 
with said reference signal. 

73. A timing signal generating circuit as claimed in 
claim 57, wherein the control signal sent from said 
master circuit to said slave circuit is a control cur- 
rent signal. 

74. A timing signal generating circuit as claimed in 
claim 73, wherein a control current signal generat- 
ing circuit for generating said control current signal 

> is provided in said master circuit, and a current-to- 
voltage conversion circuit for converting said control 
current signal to a voltage signal is provided in said 
slave circuit. 

75. A timing signal generating circuit as claimed in 
claim 57, wherein said slave circuit includes an 
amplifier circuit whose response speed varies in 
accordance with a signal from said master circuit, 
and generates a signal of sinusoidal waveform as 
said timing signal. 

76. A timing signal generating circuit as claimed in 
claim 57, wherein said slave circuit is used to gen- 
erate a timing signal for controlling the timing of 
one-bit or multiple-bit input or output signals, and 
said timing signal generating circuit includes timing 
signal adjusting means, provided common to each 
of said slave circuits, for adjusting said timing signal 
so as to increase the S/N ratio of a transmitted and 
received signal. 

77. A timing signal generating circuit as claimed in 
claim 76, wherein said timing signal adjusting 
means includes selecting means for selecting an 
input or output signal of a circuit controlled by said 
timing signal from each slave circuit, and timing sig- 



nal generating means for controlling output timing 
of said timing signal by detecting the level of said 
input or output signal of said circuit selected by said 
selecting means. 

5 

78. A timing signal generating circuit as claimed in 
claim 57, wherein said slave circuit is used to gen- 
erate a timing signal for controlling the timing of 
one-bit or multiple-bit input or output signals, and 
10 each of said slave circuits includes timing signal 
adjusting means for adjusting said timing signal so 
as to increase the S/N ratio of a transmitted and 
received signal. 

75 79. A semiconductor integrated circuit device employ- 
ing a timing signal generating circuit comprising a 
master circuit and at least one slave circuit, said 
master circuit and said slave circuit being formed on 
the same semiconductor chip used for said semi- 

20 conductor integrated circuit device, wherein: 

said master circuit generates an internal signal 
having the same cycle or the same phase as 
that of an input reference signal by feedback 
25 control; and 

said slave circuit generates a timing signal hav- 
ing prescribed timing relative to said reference 
signal by receiving said internal signal and a 
control signal from said master circuit. 

30 

80. A semiconductor integrated circuit device as 
claimed in claim 79, wherein a plurality of slave cir- 
cuits are provided for one master circuit. 

35 81. A semiconductor integrated circuit device as 
claimed in claim 79, wherein said master circuit 
contains a circuit corresponding to said slave circuit 
so that said master circuit also outputs a timing sig- 
nal by itself. 

40 

82. A semiconductor integrated circuit device as 
claimed in claim 79, wherein said master circuit 
comprises a comparator circuit for comparing the 
cycle or phase of said internal signal with that of 

45 said reference signal, a control signal generating 
circuit for varying said control signal in accordance 
with an output of said comparator circuit, and a var- 
iable delay line for outputting said internal signal by 
controlling a delay amount for said reference signal 

so in accordance with said control signal. 

83. A semiconductor integrated circuit device as 
claimed in claim 82, wherein-said master circuit is a 
DLL circuit which comprises a coarse delay control 

55 block for performing coarse delay control and a fine 
delay control block for performing fine delay control, 
and said slave circuit contains a circuit correspond- 
ing to said fine delay control block. 
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84. A semiconductor integrated circuit device as 
claimed in claim 83, wherein said coarse delay con- 
trol block takes taps off said delay line consisting of 
a plurality of delay units, and performs coarse delay 
control by selecting an output of each of said taps, 5 
while said fine delay control block receives a signal 
for controlling the DLL circuit in said coarse delay 
control block and a signal subjected to said coarse 
delay control in said coarse delay control block, and 
performs fine delay control through an interpolator 70 
by using said coarse delay control signal. 

85. A semiconductor integrated circuit device as 
claimed in claim 82, wherein said control signal 
generating circuit includes a charge pump circuit for 15 
controlling an output voltage level in accordance 
with an up signal and a down signal from said com- 
parator circuit. 

86. A semiconductor integrated circuit device as 20 
claimed in claim 82, wherein said control signal 
generating circuit includes an up-down counter for 
counting an up signal and a down signal from said 
comparator circuit and a D/A converter for perform- 
ing digital-to-analog conversion on an output of said 25 
up-down counter. 

87. A semiconductor integrated circuit device as 
claimed in claim 79, wherein said master circuit 
comprises a comparator circuit for comparing the 30 
cycle or phase of said internal signal with that of 
said reference signal, a control signal generating 
circuit for varying said control signal in accordance 
with an output of said comparator circuit, and a volt- 
age-controlled oscillator for generating an internal 35 
signal corresponding to said reference signal in 
accordance with said control signal. 

88. A semiconductor integrated circuit device as 
claimed in claim 87, wherein said slave circuit 40 
includes a voltage-controlled oscillator for output- 
ting said timing signal in accordance with said con- 
trol signal from said master circuit. 

89. A semiconductor integrated circuit device as 45 
claimed in claim 88, wherein said control signal 
generating circuit includes a charge pump circuit for 
controlling an output voltage level in accordance 
with an up signal and down signal from said compa- 
rator circuit. so 

90. A semiconductor integrated circuit device as 
claimed in claim 88, wherein said control signal 
generating circuit includes an up-down counter for 
counting an up signal and down signal from said 55 
comparator circuit and a D/A converter for perform- 
ing digitaJ-to-analog conversion on an output of said 
up-down counter. 
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91. A semiconductor integrated circuit device as 
claimed in claim 79, wherein said slave circuit 
includes a variable delay line for outputting said tim- 
ing signal by delaying said internal signal in accord- 
ance with said control signal from said master 
circuit. 

92. A semiconductor integrated circuit device as 
claimed in claim 79, wherein said slave circuit 
includes a phase interpolator for accepting input 
signals of different phases and for outputting a finer 
timing signal of an intermediate phase. 

93. A semiconductor integrated circuit device as 
claimed in claim 92, wherein said input signals of 
different phases are three-phase or four-phase 
clocks. 

94. A semiconductor integrated circuit device as 
claimed in claim 92, wherein said phase interpola- 
tor includes voltage-to-current converting means for 
converting a plurality of input voltage signals 
respectively to current signals, current-to-voltage 
converting means for converting said converted 
current signals back to voltage signals by varying 
voltage conversion factors, and comparing means 
for comparing a sum of said converted current sig- 
nals with said reference signal. 

95. A semiconductor integrated circuit device as 
claimed in claim 79, wherein the control signal sent 
from said master circuit to said slave circuit is a con- 
trol current signal. 

96. A semiconductor integrated circuit device as 
claimed in claim 95, wherein a control current signal 
generating circuit for generating said control current 
signal is provided in said master circuit, and a cur- 
rent-to-voltage conversion circuit for converting said 
control current signal to a voltage signal is provided 
in said slave circuit. 

97. A semiconductor integrated circuit device as 
claimed in claim 79, wherein said slave circuit 
includes an amplifier circuit whose response speed 
varies in accordance with a signal from said master 
circuit, and generates a signal of sinusoidal wave- 
form as said timing signal. 

98. A semiconductor integrated circuit device as 
claimed in claim 79, wherein said slave circuit is 
used to generate a timing signal for controlling the 
timing of one-bit or multiple-bit input or output sig- 
nals, and said timing signal generating circuit 
includes timing signal adjusting means, provided 
common to each of said slave circuits, for adjusting 
said timing signal so as to increase the S/N ratio of 
a transmitted and received signal. 
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99. A semiconductor integrated circuit device as 
claimed in claim 98, wherein said-timing signal 
adjusting means includes selecting means for 
selecting an input or output signal of a circuit con- 
trolled by said timing signal from each slave circuit, 
and timing signal generating means for controlling 
output timing of said timing signal by detecting the 
level of said input or output signal of said circuit 
selected by said selecting means. 

100. A semiconductor integrated circuit device as 
claimed in claim 79, wherein said slave circuit is 
used to generate a timing signal for controlling the 

v.timing of one-bit or multiple-bit input or output sig- 
nals, and each of said slave circuits includes timing 
signal adjusting means for adjusting said timing sig- 
nal so as to increase the S/N ratio of a transmitted 
and received signal. 

1 01 .A semiconductor integrated circuit system employ- 
ing a timing signal generating circuit comprising a 
master circuit and at least one slave circuit, said 
semiconductor integrated circuit system having a 
plurality of semiconductor integrated circuit 
devices, each of said semiconductor integrated cir- 
cuit devices having said master circuit and/or said 
"slave circuit and being formed on corresponding 
one semiconductor chip, wherein: 

said master circuit generates an internal signal 
having the same cycle or the same phase as 
- that of an input reference signal by feedback 
control; and 

said slave circuit generates a timing signal hav- 
*j ing prescribed timing relative to said reference 
signal by receiving said internal signal and a 
control signal from said master circuit. 

102. A semiconductor integrated circuit system as 
claimed in claim 101 , wherein a plurality of slave cir- 
cuits are provided for one master circuit. 

103. A semiconductor integrated circuit system as 
claimed in claim 101, wherein said master circuit 
contains a circuit corresponding to said slave circuit 
so that said master circuit also outputs a timing sig- 
nal by itself. 

104. A semiconductor integrated circuit system as 
claimed in claim 101, wherein said master circuit 
comprises a comparator circuit for comparing the 
cycle or phase of said internal signal with that of 
said reference signal, a control signal generating 
circuit for varying said control signal in accordance 
with an output of said comparator circuit, and a var- 
iable delay line for outputting said internal signal by 
controlling a delay amount for said reference signal 
in accordance with said control signal. 



105. A semiconductor integrated circuit system as 
claimed in claim 104, wherein said master circuit is 
a DLL circuit which comprises a coarse delay con- 
trol block for performing coarse delay control and a 

5 fine delay control block for performing fine delay 

control, and said slave circuit contains a circuit cor- 
responding to said fine delay control block. 

106. A semiconductor integrated circuit system as 
io claimed in claim 105, wherein said coarse delay 

control block takes taps off said delay line consist- 
ing of a plurality of delay units, and performs coarse 
delay control by selecting an output of each of said 
taps, while said fine delay control block receives a 

is signal for controlling the DLL circuit in said coarse 
delay control block and a signal subjected to said 
coarse delay control in said coarse delay control 
block, and performs fine delay control through an 
interpolator by using said coarse delay control sig- 

20 nal. 

107. A semiconductor integrated circuit system as 
claimed in claim 104, wherein said control signal 
generating circuit includes a charge pump circuit for 

25 controlling an output voltage level in accordance 
with an up signal and down signal from said compa- 
rator circuit. 

108. A semiconductor integrated circuit system as 
30 claimed in claim 104, wherein said control signal 

generating circuit includes an up-down counter for 
counting an up signal and a down signal from said 
comparator circuit and a D/A converter for perform- 
ing digital-to-analog conversion on an output of said 
35 up-down counter. 

109. A semiconductor integrated circuit system as 
claimed in claim 101, wherein said master circuit 
comprises a comparator circuit for comparing the 

40 cycle or phase of said internal signal with that of 
said reference signal, a control signal generating 
circuit for varying said control signal in accordance 
with an output of said comparator circuit, and a volt- 
age-controlled oscillator for generating an internal 

45 signal corresponding to said reference signal in 
accordance with said control signal. 

110. A semiconductor integrated circuit system as 
claimed in claim 109, wherein said slave circuit 

so includes a voltage-controlled oscillator for output- 
ting said timing signal in accordance with said con- 
trol signal from said master circuit. 

111. A semiconductor integrated circuit system as 
55 claimed in claim 110, wherein said control signal 

generating circuit includes a charge pump circuit for 
controlling an output voltage level in accordance 
with an up signal and down signal from said compa- 
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rator circuit. 

112. A semiconductor integrated circuit system as 
claimed in claim 110, wherein said control signal 
generating circuit includes an up-down counter for 
counting an up signal and down signal from said 
comparator circuit and a D/A converter for perform- 
ing digital-to-analog conversion on an output of said 
up-down counter. 

113. A semiconductor integrated circuit system as 
claimed in claim 101. wherein said slave circuit 
includes a variable delay line for outputting said tim- 
ing signal by delaying said internal signal in accord- 
ance with said control signal from said master 
circuit. 

114. A semiconductor integrated circuit system as 
claimed in claim 101, wherein said slave circuit 
includes a phase interpolator for accepting input 
signals of different phases and for outputting a finer 
timing signal of an intermediate phase. 

115. A semiconductor integrated circuit system as 
claimed in claim 114, wherein said input signals of 
different phases are three-phase or four-phase 
clocks. 

116. A semiconductor integrated circuit system as 
claimed in claim 1 14, wherein said phase interpola- 
tor includes voltage-to-current converting means for 
converting a plurality of input voltage signals 
respectively to current signals, current-to-voltage 
converting means for converting said converted 
current signals back to voltage signals by varying 
voltage conversion factors, and comparing means 
for comparing a sum of said converted current sig- 
nals with said reference signal. 

1 1 7. A semiconductor integrated circuit system as 
claimed in claim 101, wherein the control signal 
sent from said master circuit to said slave circuit is 
a control current signal. 

1 18. A semiconductor integrated circuit system as 
claimed in claim 1 1 7, wherein a control current sig- 
nal generating circuit for generating said control 
current signal is provided in said master circuit, and 
a current-to-voltage conversion circuit for convert- 
ing said control current signal to a voltage signal is 
provided in said slave circuit. 

1 1 9. A semiconductor integrated circuit system as 
claimed in claim 101, wherein said slave circuit 
includes an amplifier circuit whose response speed 
varies in accordance with a signal from said master 
circuit, and generates a signal of sinusoidal wave- 
form as said timing signal. 



120. A semiconductor integrated circuit system as 
claimed in claim 101, wherein said slave circuit is 
used to generate a timing signal for controlling the 
timing of one-bit or multiple-bit input or output sig- 

5 nals, and said timing signal generating circuit 

includes timing signal adjusting means, provided 
common to each of said slave circuits, for adjusting 
said timing signal so as to increase the S/N ratio of 
a transmitted and received signal. 

10 

121. A semiconductor integrated circuit system as 
claimed in claim 120, wherein said timing signal 
adjusting means includes selecting means for 
selecting an input or output signal of a circuit cen- 
ts trolled by said timing signal from each slave circuit, 

and timing signal generating means for controlling 
output timing of said timing signal by detecting the 
level of said input or output signal of said circuit 
selected by said selecting means. 

20 

122. A semiconductor integrated circuit system as 
claimed in claim 101, wherein said slave circuit is 
used to generate a timing signal for controlling the 
timing of one-bit or multiple-bit input or output sig- 

25 nals, and each of said slave circuits includes timing 
signal adjusting means for adjusting said timing sig- 
nal so as to increase the S/N ratio of a transmitted 
and received signal. 

30 1 23.A phase interpolator comprising: 

analog periodic waveform generating means 
for generating an analog periodic waveform 
whose value varies in analog fashion, from a 
35 digital periodic signal whose amplitude repre- 

sents a digital value; 

weighting control means for controlling the 
weighting of each of said analog periodic wave- 
forms; 

40 summed waveform generating means for gen- 

erating a summed waveform by summing a plu- 
rality of analog periodic waveforms obtained by 
said analog periodic waveform generating 
means from digital periodic signals displaced 

45 along time axis; and 

analog/digital converting means for converting 
said summed waveform to a digital waveform. 

124. A phase interpolator as claimed in claim 123, 
so wherein said analog periodic waveform generating 

means includes a sine wave generating circuit, and 
said weighting control means includes a plurality of 
transfer gates connected in parallel and controlled 
for connection. 

55 

125. A phase interpolator as claimed in claim 124, 
wherein each transfer gate in said weighting control 
means has a transistor of the same size, and the 
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weighting of said analog periodic wavelorm is con- 
trolled by controlling the number of transfer gates 
caused to conduct. 

126. A phase interpolator as claimed in claim 124, 
wherein each transfer gate in said weighting control 
means has a transistor of a different size, and the 
weighting of said analog periodic waveform is con- 
trolled by causing at least one transfer gate having 
a transistor of a prescribed size to conduct. 

127. A phase interpolator as claimed in claim 123, 
wherein said analog periodic waveform generating 

, means includes a plurality of CMOS inverters, and 
said weighting control means controls the number 
of CMOS inverters to be connected. 

128. A phase interpolator as claimed in claim 123, 
wherein said analog periodic waveform generating 
means includes a plurality of CMOS inverter output 
stages, and said weighting control means controls 
the number of output transistors forming said plural- 
ity of CMOS inverter output stages. 



134. A phase interpolator as claimed in claim 123, 
wherein said weighting control means includes a 
current-output D/A converter, and an output of said 
D/A converter is controlled by being switched for 

5 connection to either a capacitive-coupled terminal 

or its complementary terminal. 

135. A phase interpolator as claimed in claim 123, 
wherein said weighting control means is configured 

io to vary . the number of current sources to be con- 
nected to a load capacitance terminal. 

136. A phase interpolator as claimed in claim 123, 
wherein said weighting control means includes a 

is clamp circuit for holding a terminal voltage level 
within a fixed range. 

137. A phase interpolator as claimed in claim 123, 
wherein said phase interpolator is configured so 

20 that the size of transistors to be switched and the 
quantization step size of a D/A converter are made 
variable to provide a desired linearity characteristic 
to a timing output versus a control signal. 



129. A phase interpolator as claimed in claim 123, 25 
wherein said analog periodic waveform generating 
means is a high-frequency attenuation circuit for 
attenuating high-frequency components of said dig- 
ital periodic signal, and said weighting control 
means converts an output of said high-frequency 30 
attenuation circuit into a current by means of a var- 

. iable transconductor and applies said converted 
current to a common terminal. 

130. A phase interpolator as claimed in claim 123, 35 
wherein said analog periodic waveform generating 
means is an integrator circuit. 



131 .A phase interpolator as claimed in claim 123, 
wherein said analog periodic waveform generating 40 
means and said, summed waveform generating 
means comprise: current polarity switching means 
for switching the polarity of a current flowing from a 
constant current source to a common capacitive 
load by said digital periodic signal; and current 45 
value control means for controlling a current value 
of said current source. 



132. A phase interpolator as claimed in claim 131, 
wherein said current value control means controls so 
the current value of said current source by an out- 
put of a D/A converter. 

133. A phase interpolator as claimed in claim 123, 
wherein said analog/digital converting means is a 55 
comparator for comparing said summed waveform 
with a reference level for conversion into a digital 
waveform. 
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